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the Mod may have beey 

cater exattneſs, but ftill Jbort of what may be done 

bales 8 of of fhed But bh 45,3, 3,7, rd. 

uthor's Engagement for deſeribing an Inſtrument more 

perfelt i8 7 partient3vys oo oo noe i © Tos 
A. more particular Examination of Hevelius his Inftruments, 
and firſt of bis firſt Inflrument, being a braſs Duadrant. Hevelius 
wing 4 very great averſion to Glaſs-Sights,uſed common.p.11, ' - 
Took great pains in the dividing it himſelf. *— p.12. - 

- Of which he might have ſpared almeſt = , if he had knows ei- 
ther the firſt way of CO Diviſions, deſeribed {RP.12,13. or - 
the ſecond way deſcribed and exemplified. | P-I4,15. 
Some inconveniences in the Contrivances about his firſt In- 
frament. Wh & 94.4.3 D460 
A Deſeription of his ſecond, third, fourth, fifth,” and ſixth 4n- 

- fruments, aud ſome of. their conveniences and inconveniences 
= wbeCAvaw doin li bbooy ruebts i f og 
| Hevelius wholly rejeting all woodder Infiraments, made bets 
ter of Braſs and Iron. S. (ITT 12 623418, 


That notwithſtanding there may be a god uſe made of ws 


Inſtrument made lng fence by Sr. Ch, Wren, © © bid. 
_ Hevelius his Reaſon. for rejecting the uſe of wooa-Inflyuments, 
not without ſome exceptions © © oY 0 © © P19, 
' Animadverfions on the Deſcription of three ſmaller metalline 
Inſtruments, one of 24, a ſecond of 18, and athirdof 12 imhes, 
and particularly about the new way of Diviſion, which be aſcribes- 
86 BenediQng Hedreus, © DAY EIN io py 
That Revelius'was miſtakes in ſuppoſing Hedreus bis way more 
Eapable of Demonſtration then Ticho's by Diagonals. © p.2r. 
Ticho Brahe's Calculation of the quantity of Angles, made by 
Diagonal; und equidiſtant parallel Gircles, © ' p 21,22. 
 -*Tis ſtrange that Ticho and Hevelius ſhowld not think of puts 
Ping Fe parallel Cireles at wnequal Diſtances, \\ - ibid, 
ow: to calculate, and what thoſe unequal Diſtances are-p:23. 
Dr. Wallis/his Letter to Hevelius about 'the ſame Subje(h, 


 whtreinthatNofrine is largely and fully hundled.p.23,24,25,26 


the material of 5 Proved by the Experiment of an 


© The Diazonial Diviſions. more eafie to be ſeenthen thoſe of He- * 
dreus or Nonnius: Ticho's Deſcription of Nonnius his way of 
Diviſion. p.27.. 8 : Hevelius 


# TL "3-1 "% ih ade , —__ M wy 
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- The Contents; + 
* Heveliug his Deſcription of the way of Hedreus: p.28, 
* "That this way of Hedreus is ſubjet# togreat inequalities, pro- 
ved by the Diviſions on the Plate T. of Hevelius his Book. 4 
pratticable way of enlarging the ſmall Diviſions. P.29. 
| That Hedreus was not the firſt inventer of this way of Diviſion, 
but Pierre Vernier was before him. | P. 30. 
A ſecond, third, and fourth Objettion gain this way of Di- 
viſions, drawn from a ſuppoſed unequal poiſe of the Plumb-Rule, 
cauſed by its unequal make or duſt, or from the unpratticable wa 
of hanging it either ca ary or bigger Pin or Hole. ibid, 
ption-for fleadying the Quadrant ingenious, 
but the convertible Frame more eaſte for uſe. P-3T- 
Some Remarks inthe Deſcription of bis large braſi © uadrant, 
wherewith he took many Meridian Altitudes of the Sun. ibid. 
A new way hinted for making a Table of the fixed Stars, and 
regulating their places, bythe help of a Mural © nadrant, ſome- 
parts whereof are deſcribed as the way of Dividing, and of the 
Sights, and of poyſing the Tube and Obſervator, ana of keeping 


Hevelius his iywve 


» 


the Tube from bending, VC. - D:32433s 
Some Difficulties therein now obviated, and ſome Objections - 
anſwer'd, ; ibid, 


That this Subjel# deſerves to be better enquired into, and to 
be promoted by ſome Prince, | P34» 
Some Animaduerſions on the Deſcription of Hevelius his large 
Duattrant of Braff. That the Inſtrument is good in its kind, but : 
yet far ſbort of what it might have been, if Glaſſes had been uſed 
for the Sights, | ibid. 
* * How very ſmall Seconds are even upon large Inſlruments, and 
how uncertain the Penumbra of the Sun's light is, contrary to the * 
general Principles of Optical Writers, being ſometimes bigger, 
ſometimes leff, according to the ſmalneſs and bigneſs of the hole - 
through which it is trajeited. IEE.Þ38 - 
The curioſity of this Inſtrument further expreſt by Hevelins, 
i the multitade of its parts and Gontrivances, in the proper Tur- 
ret for it; in the make andgreat uſe of Screws, for maving, fix- 
ing and dividing the @ uddrant. P4364 
Some Objeitions and-Emendations propounded, and 4 Conclu- - 
fon on the whole Inftrument and Apparatus, "026,37. 
Some Animadwverſions on the large Sextant, and the mo of - 
:; : ; Ei 7 L 


J The Contents: 


: FA ng it,. and on the diffichlty ackwywiedp'd of”: Stars D3- 
ſtances from the Moon and Sun, ata way promiſed v _ _ 
with more eaſe. PR i p wr 
The fewin difficulty and even tmpoſſuority of # ing $ ot 
Diftances int he Heat) without (ailing one, Second, and the 
reaſom why "tis more likely 1 that there conld not be « greater certain- 


' ty thenof 4, Minates in the whole, © 4143) hid. 
Hevelius his Letter Comcerming my Animadverſons, 41d about 
Teleſcipicat Sights. | P-39,40,41. 
Arn Anuſwer to it. | _* - P:41,42,43» 


A Concluſion of the Animadverſions. That the learw'd World 
is oblig'd to Hevelius for what he hath done, bat would have been 
mere, if he had uſed other ere vB P-43,44. 

That the Animadvertor hath contrived ſome hundreds of W 
ſrruments, each of very great accurateneſs for taking Angles, Le+ 
vels, &C. and a particular Arithmetical Infirument for perform- 
zng al Operations in Arithmetick, with the greateſt eaſe, ſwift- 
neſs and certainty imaginable. + P-44345» 

That the Reader may be the more certain of this, the Author 
deſcribes an Inſtrument for taki nes inthe Heavens, whoſe 
—- "rage more then common conſiſts, 1. In the manifeſting of the 
Siphts. 2-\/ »the Divifions. 3,1 the refletFive conſtruction 
of the Sights." 4. In its exal# Perpendiemarity. 5. In its fix- 
ation and motion fit for Obſervations, 6. bners facility for make ; 
and 7. Inits cheapneſs.” P. 45,46. 

An Explication of the make and fingular conveniences af theſe 
zew Sights. P-446,47,49. 

An Explication of the new way + Dividing, and the great 
advantages of it above others. P-48,49,50. 
| Made more eafie by the E oplicatios of the Delineation inthe 

1,2, 3,4, 5, 6,8,9, 10, and 11th. Figures, expreſſing the 
Frame , hollow Center , Moveable arm, Serew-Frame , and 
Screw far the Diviſmns. "The Obliquizy of Fh to the Pluinf the 
Ruadrant,” and thereaſon' thereof. IT +-4.05.4 

The way "of certainly neter mt ing ebeOs Obliqniry, 4nd the re- 
ſolving the whole © uagrant thereby into one grand Diagonal, 
and the magnifying thereof i ins dapte, raph, devaple, Se. Pro» 
portion, W000 GG 
| They _— a myre nartheukis Deſeription of the Serew- 


Frame, 


> 


| The Contents. | 
Frame, its Collers, Centers, Screws, Hanales, Indices, Pinnion; 
Drviflons, &c. "| in oo P-53,54» 
Hom by hoſt Iydicod iv pointed out the Meaſure of the angle, 
iy Degrees, Minutes, Seconds," &c. + FI 
' ' The great advantage of theſe new ways of ordering Sights ta- 
ken notice of. '' 2 ibid. 
'. Hnd the whole Contrivance more particularly deſcribed. p.56. 
"Aud explain 4 by = Doliveation, and the manner how they are 
\adpHicable to a Quaireut or other Inftrument. - ECIEeT, 
How they are made uſe of for taking an angle bigger then a 
Buadrant, ts farther deſeribed, and made more intelligible by a 
— | Xe: | P38, 
The way of” eajuſftinz the two'fixt Sights, ſo 45 to lock forwards 
'and irc or Lins aud how to og, and\fix- 
the KG ry the Tubes,with the reaſon thereof. p.59,60. 
- 4 Deferigtion ofthe Water- Level, for ſetting the Inſtrument 
exactly Horizontal. Some Difficulties, and the way of prevent- 
mg them propoſed, | P.61,62, 
This Inſtrument farther explain'd by a Delineation, and the 
reaſon of its accurateneſs manifeſted. | P.63. 
Some Difficulties about the make of the Glaſſes for theſe Le- 
wels, and ſome Expedients propounded, together with other ways 
and forms of Levels. P6465. 
After the Difficulties of Obſervations made the old ways are 
taken natice of, follows the Deſcription of a new Method of mov- 
7ng ana fixing Inſtruments for Obſervations, ſo as to prevent ana 
obviate them, | P-66,67,65. 
© This is made more plain by aDelineation and Explication.p.69. - 
When the Circular Pendulum was firſt invented and pub- 
liſhd:: ©. ; | p.69,70. 
Here by the way us publiſhed a Deſcription of Wheel-work, . 
which may be called the perfe tion of Wheel-work, having tbe 
perfeiteſt Idea that toothed Wheel-work is capable of, performing 
the ſame effet as if the Wheel and Pinnion- had an indefinite 


etnper of Teeth. P.70,7 i. 


i 14 farther Explanation of the-Pole or Conical hole of the - 
AXIS: \ ; : \ P.7 2» 
4 Deſcription of the Frame for keeping the Inſtrument 11 its 
Perpenidicularity, and yet always in the azimuth of the _ | 
. bjecr, 


ont Ks 5. © - 0 
< "» OS CN 4, ng IT, = 
z 


jet, with « Digrefſion of the great uſe of thit Principle i 
Dicuing, equalling Time, Glock-work, &c, =. -  Þu73. 
70:96 hy Zomrrom gn: exit right angle or Qnadrant,. more 
particularly deſcribed and expleined. An ObjeFion «bout the 


Pe74375- 
Some Uſes of this Inſtrument hinted: t. For meaſuri 


| the 
Refraition of the air. 2.For regulating the place of the frxt &+ 


inequility of he Diviſions anſwer d, 


ars. 


3. Of the Planets. 4, For the Latitude of places. 5. For 
examining the influence of the Planets on the Earth. 6, For mea- 
ns « Degree, which ww the cauſe of its Gontrivance. 7. For 


meaſuring ſeen Diſtances. 8. For taking the Diameters of the 
Sun, Moon and Planets. | 


RM P-77- 
Where by the By are mention'd two other Inftruments ; one 


for taking Diameters to Seconds ; and a ſecond for looking ow the 
Body of he Son, without harming the eyes. , 


| | P- 78. 
A ninth Uſe for Levelling , &c, with « ſbort Conclu- 
F# Me gf Þ- ; . ibid. 
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ANIMAD VERSIONS 


On the firſt Part of 
H EYV.ELIUS - 
His MACHINA COELESTIS, &e. 


So * 


JAVING lately peruſed a Diſcourſe of Heweline, 
I newly publiſhed,entituled, Johannis HeveliiMachina 
Celeſtis, pars prior Organographiam five inſtrumente- 
ram Aſtronomicorum omninm quibus Autor hattenus 
' ſidera rimatus & dimenſus eſt a_—_ delineationem & deſcrip- 
tionem, plurimis lconibus er inciſis iluſtratam &+ exornatam ex- 
hibens, &c. and finding it a Diſcourſe about praQtical and 
mechanical Knowledge, and of that kind wherein Geometry 
ſeems to be more then ordinarily concerned ; I thought it 
might not be ungrateful tomy Auditory, ( zor improper to the 
Subjet# of Sr. JOHN CUTLER's Le&ure,which is partly Mecha- 
nical and partly Phyſical) to confider a little the Contents there- 
of : And ſomewhat the rather too, becauſe having heretofore 
- communicated to him ſomewhat of this Snbje&,which I had oc- 
caſion to read in this place in one of 'my former CYTLERIAN 
Ledares,. I find he hath wade ſome Animadverſions and re- 


flegions thereupon. x 
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arzteandithinutedivifions, and of 45longand convenit 


"the very ſacke, ut'teaſtnorat-ablwaterially Khiffering fromthe 
-of Ticho, 'being\only '\naked Sights, 4bade by a Mlit.and edge, 


- 


q-? 


I find then that this excellent Perſon hath been for the-moſt 
exceedingly ci find out the inconvyettiences 

4 difcutties"th > thebeft Obſervators;*even 

cotne them 3 In the doing of 
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and over 


_ 


find ont ways to obviate 


- which, he ſeems not to have ſpared-either for labour-and vigi- 


laney, or for any coſt and charges that might eife& his pur- 
poſe, for which he.hath highly meritedtheefteem ofallfach as 
are lovers of that Science: But yet if he had proſecuted that: 
way of improving Aftronenical jaſtryments, which 1 long ſince 
communicated to him, T arti*of Opthion he would have done 


| himſelf and the learned World,a much greater piece of ſervice, 


by Gving himſeffmore then Zof the charge anditrobble;and by 
- publiſhing a Catalogue ten times more accurate. For though 
I doubt not in the leaft but that he hath by his own extraor- 
dinary diligence, care and.-coft, corre&ed ſeveral miſtakes 
anderrors'eommwltte by the afliftants of theNob}eTicho*: yer I 
am not ſatisfied that his Inſtruments are capable of making Ob- 
ſervations.thoregeturately Yhen thoſe. of Fiche, thotigh -cis Þoſ- 
ſible they may do it with ſomewhat leſs troubleand inconveni- 
ence. -.For firſt, I find that thoſe of Ticho were as large as 


.thoſ=of. Hevelime, and conſequently were cixpable: FASACCU- 


-Secondly;” bfindwhat; the Sights-made uſe of by. ewelthe are 


ſerving-only to Tegulate the direQion of thenaked-eye, -butino . 


-wayscapable of afſiſting the eyetodiſtinghiſhworegcaurately 
the 'obje&. © Thirdly,'I find that though: the wayiof Diviſion - 
'made'uſe of 'by Hevetims , be a very ingenious invention, 


and that which. is Geometrically true and certain, yet if we 
conſider the preat diffictilty. there is in Mechanically. perform- 


ing it, weſflalfind 'ic/notmuch preferrable, if:altogether as 
- good as that of Ticho. | And *tis plain ienough that !Ticho.him- 


ſelf was fiot ignorant'of ir, though his particular reaſons. why 


he madens tmoreuſe $f 'it, we certainly know riot: ?Tis- very 


probable,” becauſe he thought it-not altogether ſo accurate, as 


'that he did make uſeof. For ſomewhat to this purpoſe hedays 


kimſclf, inthe ſecond Book of his Obſeryations of the Comer of 
| | x 1577. 


(3). 
1577. Pag: 4:61. Hove, gradwum iu fingule minuts., meaning 
the' Diviſion; by Diagonal Lines 3. & etiam horum-in dena ſerupuis 
ſecunda ſubdrvifionens in omnibus meis machinis 4ſtronomicis uſur- 
po, eo quod illam. multts ab binc annis ex wifitiſſiman expertus ſum. 
Licet: enim ejns demonſtratio in. Reftilineis parallelogrammis pro- 
prize conventat, wibilominus arcaalibas etianm in tam exili inter /ti- 
tio-quod. 4 recta- linea inſenfibiliter differt, citra omne erroris ve- '' 
fligium convententer applicatur. 'Tis true, Ticho's ObjeGion 
againſt this way of Diviſion by Diagonals is material,as toa Ge- 
ometrical accurateneſs, but his Anſwer to ic is alcogether as 
material, that thoughit be not exaGily true, yet it doth inſenſi: 
biliter differre,. and« ſo.long as the error is not diſcovered by 
ſenſe, there can-be- np. error.-commicted in obſervation ; and 
indeed: the whole matter both,one way and the other is infigni- 
. ficant, and but a vain-curiolity. to. endeavour. to divide an in- 
ſtrument into: ſeconds, or parts ſinaller then a minute, for Iſhall 
by and by ſhew that theeye can hard]y diſtinguiſh miautes in 
the obje& : But were ſach niceneſs of Diviſionof any uſe, *tis - 
eaſily enough to be done to Mathematical truth; for as 7 ſhall 
anon ſhew, there isa certain diſtance of each of the parallel 
Circles, which being given, the ſtraight Diagonal Lines will 
divide the degree, by. the interſection with thoſe parallel Cir- 
cles, «into exactly:;equal. parts, which. would have better an- * 
ſwer'd Ticho's Objecion,,. had he known it, which 1 wonder, - 
Iconfeſs, how: he could over-ſee, ſince he ſeems to have ſpent 
-many thoughts on the matte; but this only by the By, becauſe 
I ſhall ſpeak more at large:of it afterwards. Bur he proceeds 
to:thisother-way of: Diviſions, which: he, as well as Hevelizc, 
aſcribes to: Nownins, whereas the other that he approves of 
came firſt from England, as it appears by a paſſage in another 
Book: of his-, where- he diſcourſes ſomewhat of the ſame 
Subjed. | | , | 
Altera. Diviſio ad clariſſuni Mathematici Petri Nonnii 12 Li- 
bello de crepuſculis propeſitione tertia imitationem per plures qua- 
drantis arcus introrſum deſcriptos, & diverſimoae ſubdiviſos pro- 
 cedit ; etfi autem in bac ipſa apprime ingenioſa Nonnii inventione 
aliquid Auttuarii loco expedttins 4 nobis additum eft, ita ut exte- 
riox artus in plurimas partiuneulus diuidatur, neqs is ordo aut 3th 
merus arcynm ſeſe intro ſum concomitantium quem ille pre "ME 
7 ; we A 2 ſe 
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- (4) 
ſed multo expeditior & perfeitior obſervetur ; (lam apvto think 
he knew Ke gen d + here nat it «) Tamengquis hec ſub- 
filitis cum ad praxin deventum eft plus habeat laboris quain fru- 
is, neque id in receſſu preſtet quodprima frontepollicetar, "ut ali- 
bi plenins oftendemus, idcirca” apud nos dudum in. uſu eſſe defiit. 
From which words, and.atfo from what he ſays in his: firſt 
Book of the new Star in 1572,” pag.67t; ſpeakingofthe com- 
pariſon between theſe two-ways of Diviſions, to wit, St g#-, 
juſeunq; velit ingenioſa certe & grow wtilis eft diſtributio,quam 
ego poſtea arcualibus graduum diviſienibus in quadrantibus ſex- 
tantibus & armills,non intoncinnt aut inſrugifert applicut. Li- 
tet enim demonſtratio ju in ſolis redtilinets ſuperficiebus ad unguem 
ſe habeat ;' tamty enum quinorum vel denorum minutorum | wy . 
in tirtumferentits majuſculis a refilineo inſenſubiliter differat, 
hic quoq;, ejue uſus ſatis commodus & ratns a e poteris, multoq; 
Nonniana plurimorum arcunm intricate & difficils ſubaiviſione ex- 
peditior aptiorq; deprehenditar. © From his Diſcourſe. I ſay in 
theſe two places, and from ſeveral others diſpers'd up and 
down his Works, which*rwould'be roo long now to quote, 
- *tis evident that Ticho wasnot ignorant of this way of Sub-divi- 
ſion, fo wuch applauded by Hewelins, invented by Perrus 
Nonuins, and promvted by Ticho himſelf z and yet we ſee he 
prefer'd that way of Diagonals, firſt made uſe of in Emg/aydby 
the moſt $kilful Mathewatician Richard Cantzler, before ir, re- 
jeCing the one and making uſe of the other in all his Inſtru- 
ments, But either of them will d6 well enough if the Diviſi= 
ons be done with great circumſpeQion and care, and inftru« 
ments of the ſize of thoſe Jarger ones both of Heveiras and Ti 
>», are capable of Divifions ten times more accurate then are 
” needful for common Sights, be they nevex- ſo long, withour 
making uſe of either Tichs's or Hevelins's way of Diviſion, 
the eye being unable to diſtinguiſh a ſmaller Angle. To what 
purpoſe therefore is it tro make the Diviſions ſo fine,-or any 
- vne part of the \inſtramenc or obſervation more accurate then 
another ? ſince the power of diſtinguiſhing by the naked eye is 
that which bounds and limits all the other nicenefſs, and what- 
ever part is more curious then that canequalize, is of no ſigni- 
ficancy, For inſtance, in taking the alritude of «Star, ic 
would be but labour loſt to diſtinguiſh by the Diagonals, -or 
* otherwiſe 


- 


| (5s) 
otherwiſe to Seconds, whilſt in the incan time you are not cer- 

rain-.that the Plumb-line is.crueto a minure, or whilſt youare 
notable tadiret& the Ruler, bearing the Sights toagreater cer- 
taincy then to that of a minure, And the like might be ſaid of 
theextraordinary curioſity inany two parts, and the failure in 
any third, that is eſſential to an obſervation z as fruitleſs it is 
to calculate to ſeconds, when the obſervations are,nat true to 
minutes,. or ta. be certain by the Sights and Diviſions to ſe- 
conds, .and uncertain in the Plumb-line to minutes, | 

There is therefore one thing in Hevelius his Inſtruments, 
that though they'be never ſo large, never ſo accurately divi- 
ded, of never ſo choice and convenient materials, and never ſo 
tractable for uſe, and never ſo skilfully and induſtriouſly uſed, | 
will notwithſtanding make themall equal as to uſe, with one of |\ 
about two or three foot radius of mettal with Ticho's Sights 
and Diagonal Diviſions, which is occaſioned by the limited 
power of diſtinguiſhing by the naked eye. 

Something to this purpoſe | communicated to Hevelius in 


the year 65. and-hoped-that I might have thereby ſomewhat aſ- - 


\ ſiſted him in his great and laborious Work, firſt by eaſing the 
eye, and next by making it capable of diſtinguiſhing more ex- 
afly, having hinted to him the way how to reform and obvi- 
ate. that inconvenience by Teleſcopical or Perſpective Sights, 
as alſo the way of making inſtruments of much leſs bulk, to do 
ten times more then 'twas poſſible to do with the largeſt inſtru- 
ments made the common way. In anſwer to which he returns 
me this Diſcourſe, in a Letter to the Royal Society, in the 
year 65, 


0 
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ODUS ile bſervandi per Teleſcopia 8dminiculs Sex- 
M tantis vel Dnadrants, wvidetur mihi vix ades tutus, 
quam vulgaris, ft pinnacidia ret#e ac juſte fint affixes. Her enim 
| ſunt immubilia ; Teleſcopia vero nulla ratione ade firmiter affigi 
poſſunt ut lco haud dimoveantur ;, etiamfi omni ailigentis juxta 
methodum deſcriptum per totuns Horizontem exper iundo fint ſemel 
collocats. Adbuc quam arduum fit, ea ratione verum eorum locum 
. indacare, ſatu ſuperq; experiins ſum ; fic ut vix videans, an alicut 

= circa 
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uſe of, and ſhould gladly have communicated any thing fur- 
ther; if Thad not found they were efteeinettofignificant.” Ir 
did much trouble me, I confeſs, that { could not prevail with 
him-to-make ute of 'Feleſcopical Sights at leaſt, ſince with leſs 
trouble he would have afforded the: Wor!d Obſervations, and 
aCatalogue: ofthe Stars, ten times moreexa@; Andi/amthe 
more"forry-to find:that he hath proceedeSto finifh his:Machina 
Cz/eſtis, by m{truments-normore: accurate then'thoſe of 'Ficho, 
and that he ſtilE remains- in thei ſame: opinion of Telefcopical 
Sights, and other. improvements ob inſtruments;”»' For pag-293+ 
of this: firſt:Part of. his Marking Caleftis, fpeakingconcerning 
kYTRVA vights, 
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_ Divifionsof: finple or double Seconds ? May not ſingle migutes, 
nay half minutes, : by the help of ;Diagonal Diviſions, he 


ith 3 will 


[1 


(92 


: Sights, he ſays,” Poflihlyi fome:may: wonder that do not —___ 


uſe. of. Teleſcopical Aghts; fince they: are by ſome accounted 


|  þetter-and/ more-accurate;..irſonmch that there is one in-.che 


World: hath *-proceeded- ſo far}, as to ſuppoſe Teleſcopical 
Sights tobeten, twenty, thirty, nay. foxgy times more accurate 
then the common Sights ; , and: that: *ris poſhble:to wake an in- 
ſtrument ofa Span Radins:to do moreywith.Teleſropical Sights, 


_ then (a8; inſtrument -of 60 foot.” with the; common Sights. 


'Twould he athing of mach moment-could it be done, and not 
to be valued by money, but many:things-do ſeem true in the 
Theory, which do not anſwer: uponExperience. You may 
perceive by: aomparing this-ſlenderRefuration with his Letrer 
before, who+he-means by the: Aſſertor of: Teleſcopical Sights. 
But I am troubled he ſhonld»rhink them'ſo ſlight as not to 


deſerve one tryal lin ſeven years time; eſpecially ſince by 


explaining the manner of-:making uſe of them much in the 


ſame fenſe with-ithat which 1 ſent bim, -heTeems | to. have un- 


derſtood enough of the way tohavemade ufeof iit if he would. 
AsSto his Obje&ion, ' That the Glafſes are aptitolbe broke, and 


the Pins or Threads are apt tobe bent and broke, there is not 
-the leaſt-colour for -it, for they cannot without much labour 
and defigmbe broken: or put: out of: order, but if they,were, 


it might-as well be faid, 'thab the Plumbs-line of any ofhisinſtru- 
ments may/bebroken; or his Siphtsbended, [and the like, and 
therefore thoſe inflrumerits were not'to be uſed. But theſe 


 ObjeGions I ſhall not arge againſt his inſtruments, nor a great ' 


many other 1 could:produce of leſſer moment, but anly this'one 
which 415, very ftindawental,. and cannot: any ways be. helped 


bor-by the helpoF'Glafſes; and that is;;1/*T1s impoſſible! with 


Sights made after! Ticho's-or Hevelius)his way, to diſtinguiſh 
any diſtance in the'Heavens leſs then half a minute, or thirty 
Seconds,and hardly one ofa hundred can diſtinguiſh a minute. 
And this beidg'/proved, ' what will becoine of all the-machi- 
nations:and contrivances for greater inſtruments,” to ſhew «the 


E ſuffi- 
ciently ditinguiſhed in an inſtrament of three foot Radius? 
What needisthere ghen of all the other cumber? Certainly any 
one: that vill but-try. with'che one and the other inſtruwenc, 
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a leſs Angle, atleaſt 'none that: have yer mer with- hitherto; 


Whois there that by his bare eye can diſtinguiſh afiy of the Te- 

leſcopical ſpots in theMoon, though ſome of them are above a 
minute in Diameter **As for inſtance, . Who can ſee Mount S3- 
nai; ſo call'd by Hevelins,: which 1s a: bright ſpot in a dark 
field, and conſequently'inuſt appear nearitwo minutes in Dia- 
meter to the naked eye? Or who''can ſee the Palus Mareotis, 


. orthe Lacus niger, which aretwo dark.ſpots in light fields, and 


each more then a minute'/in Diameter? Now if the eye cannot 
diſtinguiſh a ſmaller-obje&then appears within- the angle of 
half a minute, *cis not poſſible to''make any obſervation more 
accurate, be'the inſtrument-never ſo large; I 
"Now that any one way preſently ſarisfic himſelf of the truth 
of what lafſert, concerning the limited power of thenaked eye, 
as to the diſtinguiſhing of Angles; Let him-take a ſheet of white 
Paper, and thereon draw-ewo parallel Lines,'as OO, and P ' 
P,: in the 28th. Figure, at:four or five inches diſtance, then 
draw as many other ſma]l lines between them at right angles to 
'them, and parallel one with another, as he thinks convenient, 
as:aa;; bb;.cc, dd, ec, ff, gg, hh, 11, ec. and. let 
them be drawn diſtant fromeach other an inch,' then let him al- 


| .zernately blacken or-ſhadow the ſpaces between them, as be- 
tween aa and bb, between cc and'd d, between'e e and 


ff,” berween gg and hh, between 11 and kk, between 11 
and-mm, Os, leaving the other alternately white, then let 
hinvex poſexhis Paper againſt a: Wall opento the light, and-if ir 
may be-ſ6!chat / the Sunimay ſhine on: it;, and. removing himſelf 


backwards for the ſpace:of 287; feet; let him try whether he 


candiſtinguiſh it, and number the'dark and light ſpaces, and 
if -his eyes be ſo-good'that he-can, then let him ſtil] go furthtr 


.backwardsiand backwards from the ſame, till he finds his Eyes 


-unable any longer to'diltinguiſh thoſe Diviſions, there let him 


make-a ſtand, and:meafure':thediſtance fronhis eye to the a- 


forefaid Paper; and cry by calculation under what Angie each | 
of thoſt black and: white ſpaces appears to his eye, ſor by that 
means it, will-be-manifeſt -how-ſmall an Angle his eye is-capable 
of diſtinguiſhing, 'and beyond which it carmor Teach : Which 
[i  albies | being 


{ 
j 
} 


63). 


being on&e: har: be hath: aQandard, by which he isableto 
Ivitthe bigneſs and exa(dnels of -his. Inſtzuments, if he make 

uſe of common Sights, 1 Heyond-yhich all magnitude and curi- | 
olity is not only uſeleſs, Þur;; of mych detrunent vpon many 


1ccounte,”: 
This' is: that Confderacion which I ole with had occur'd 


both to Ticho: Braheand: to Hevelins, | eſpecially to the latter, 


who hath ſo'carneſtly:endeavour'd jto.out-do the, former, and 


for. the/accowpliſhment thereof, ſeems to. have ſpared no 


charge; '|abour,:or endeavour he was-able.to expend. I hope 
ar leaſt that this publick-notice- will; for the future engage all 
ſuch as ſhall attewpt this Work, to be as ſollicttous abour a{- 
liſtingithe Eye 1nthe diſcover of the,paris of the Objed, as cf 
diſtinguiſhing the Diviſions b + che [nſtrument, for che doing of 
the 'one without. being! able to reach the ocher , will avail | 
nothing. | 
'Fhoſe therefore that deſire or. need Toſtruments to. make Ob- 

ſervations co'Seconds, : muſt take, another courſe then any that I 
knowyet deſcribed. 'Tis true indeed,. That Altitudes of the 


'Suti\way be taken, with the Sights commonly uſed for that pur- 


pole, ' to what accurateneſs is deſired, if che [nſtrument be large 
enough, becauſe the Image of the Sun being tranſinitted by the 
upper Sight throughaſinall; round hole, is repreſented within 
a Circleuponthe lower Sight, and; by; means: of the eyes ap- 
proaching/.neat.:thar Sight, ;*tis poſſible: by Inſtruments large 

enough, to arriveat the accurateneſs ofa Second, in Obſerva- 
tions made of that kind. - And. ſumewhat of this may be done 
alſo by the Moon,; when very bright and clear, but in all the 


| other cele:tial Bodies ir has never yet been done. 


' But then if we:compare)even this, way with that, of Teleſ- 
copes, ceteris paribus, we ſhall find it much ſhort, bothas to 
clearneſs and diſtinfneſs,,.and-therefore even here alſo Teleſ. | 
copical Sights are tobe preferred, as I ſhall ſufficiently mani- 


"feſt hereafter! niore:at;large, when 1 come ;to Ceſcrite my own 


ibſtruments: for this:purpoſe.z for I doabt noc. but to wake it 


| ſufficiently plain, That by the Help of an Inſtrument 1 have - 


contrived,” of three-foot- Radius, 1 will. be able to. wake all 


Obſervations whatſoever, ten-times more accurate, except.rg - 
[thoſe of the£un,- tken 'any.one- uit with the la: geſt 1n- 
« | 
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ſtroment, defcribed either by Tichs or-Hevelias, and. to. ma- 


tu neceſſary to either of theirs, ''ugd! ro-make the Diviſians as 
idctrate and fettfible as catiibedefired. Topo 11 Y {{14 1994 + A h 

For the doing of which, I will ſhew, Firſt, How.to make 
the Plain of the Inſtrument, that ic ſhall not be ſubje& to bend- 
ing or warping, and'yet be ſo'light as' to be cafily manageable. 
Secondly, How to make*the Diviſions:on that: Joſtruwent, ſo 
as to diſtinguiſh certainly and'exaRily to Secorids, without any 
trouble, or wearying the fipht, i'Thirdly; I-will ſhew how to 
wake 'the Sights of that Inſtruwment,.ſo as to diſtinguiſh the 
Parts of the Objedt to Seconds, if needibe, even by thoſe who 
Liehot diſtinguiſh to Minntes with- common: Sights,! certainly, 
and without fallacy or error. Fourthly, Howto make the 
Siphts, 1s ag to ſee two Objels; though: never 10; far :diſtanr, 
with one glance of the eye, - And Fifthly, I wilt fhew how-to 
adjuſt the Perpendicular, ſ6 as'to ſet it exat]y- upright/and 
plain to a Second, 'fo that if ic meets with a diligent, accurate, 
and experienced Obſeryator}' it' will ſerve-toimake 'as curious 
Obſtrvativons ay are'Hitherto deſirable, || Sixthly, Iwillſhew 
a way ov to fix this Inſtrument, either for naking Altitudes or 
Azimiths, {6 as to be manageable 'wirh rhe- leaſt trouble jwagi- 
nable, for Obſervations of that- kind;: and to bealways ſteady 
ahd Extinany Perpendicularipoſture, ito whatever Aziwith it 
bt apply'd,” Seventhly, I will explainen exa&way for faxing 
the Inſtrument, ſo as to take the Diſtances of 'any. two Sears, 
or celeſtial Objeet, and ſeveral other contrivances of the like 
nature, But of each of theſe hereafter, after T have examin'd 

ver the ſeveral particulars mention'd by Hevelizs, in his De- 
ory Privhe of the Inſtruments and'Contrivances made uſe of by 
jinſe f, F--$49 | 35 4 (x} PEE 3 SCE BW, WSUS AED » 

To paſs by then his long Preface,. and 'the Diſcourſe of -In- 
ſtruments in general, which he hath premiſed:in the firſt Chap- 
ter; I ſhall proceed to an examination ofthoſe: Inftruments of 
Ns own, which he doth more fully and | particularly: de- 

ibe, & Pe: b: aDi6Qq, VE 02900!) 

The firſt of which kind I'find to be a Quadrant of: Brafs, 


which he deſcribes in the ſecond Chaprer, and: begins with 


that firſt, as being an Tnftrument which*he-leaſt eſteem'd, and 
i wet which 


%. 
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whichat kength he made no'uſe of, though for many Reaſons 
think of a quantity big enough, ' tobe as good, nay better, then 
ahy he madeuſe of, . | But of that anon, - | ; 
This Braſs Quadrant: was of three foot Radius, and ſo well 
fitted with crofs Bars, and ſtrengthned, that it was not ſubje&- 
to warp or bend; it} had alſo/a convenient Pedeſtal; and was 
made eafie to be retnoved from place to place 3 it was ſuſpend- 
ed by a Cylinder -placed on the back-fide, in the Center of 
Gravity of the Quadrant, and could by this means more eaſily 
be moved to and fro to take any Altitude, then that way of T:- 
cho's, who fixt his Cylinder at the upper corner : But it hath 
this of inconvenience that Ticho's hath not, namely; That the 
Plumb-Line or Perpendicular will be longer before it ſertle, 
and the Inftrument'ſomewhat more apt! to warp. The Sights of 
it are the ſame with that'of T:ichv, and'indeed the beſt of Com- 
mon Sights, now commonly' every where made uſe of in Inſtru: - 
thenrs of that bigneſs; but far inferior to thoſe whichare nade 
of Glafſes, as I ſhall afterwards prove. ! | 15 2 SHR 
The way of 'Sights which' he deſeribes; p4g.98. for taking 


pe by the Tube he'wade uſe of,' ro keep of the 

| ighs' from the lower Sight, ſaying, pag. 99. Per 
Tubum autem mi Letfor non intelligo Teleſcopium al:quod lentibus 
inſtriiffum, ſed plane nudam tx charts conftruttum Tubulum, as 
f he had ſome dread of making uſe of Glaſſes imany of his'Sights, 
Whether it were, 'that”he ſuppoſed Glaſſes to have ſome hid- 
den, tin-intelfipible, and*wyſterious way of repreſenting the 
Object ”" or whether from their fragility, or from their uncer- 


tain refraction , or from a ſuppoſed 'impoſſibility of fixing 


them tothe" Sights,” or whether from'Tome other myſterious 
Eaſe, whith'T an not able to think 'of or" imagine, Fomngbe 
99 Tl | B 2 tell. 


 ady-joonvenience, -Which <cahnot-with-caſc.be ob 
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tezl,.:$nre tamnhananneofiigpe Jhave.namedy are any, 
thidg at 8]; copfiderable-QbzeAion-againſt abeip; ule, and | 
have been ſo fully ſatisfied of the exceeding great uſe, Day ab» 


ſolute] rieceſſityof them in--curjous-and- exact, Obſervations, 


thath,do aſſure him there is'not,- nar-can;be; any conliderable 


Qbjedion againthew,-which-cannot calily be. anſwer'd,..nor 
vated. and; 


v 


rectified; of whichifhall.fay wore hereafrer. -../..;,..; 


. -, "The Diviſions,of it weremade whol! y by.-hiwſ elf, with ex- 


traordinary- labour and-curioſity,- infowuct that he ſays, he 
coutd nog only;diſtioguiſl cagh minute of a Degree,: but almoſt 
every;quarzer.of .a minutes; ſufficiently, accurate for his Com - 
wonsSights;: if he cauldhavegnly diſtinguiſhed every balf mi- 
mute; and-indeed much-more-then moſt mens eyes are able to 
reach. :. Be ſeems'to have beenat infinite trouble and-pains, . to 
perform-the Niviſiens made by the help of. Diagonals, cutting 
paralle>Circles;i away maderuſe of by-Ticho, and now {Q com- 
monly.known, that 1 think.Ineed. not ſpend'rime in; the;Expii- 
gatjon thereof; -oply-1guicake! notice, That whereas be ſup- 
pofes theſe; Circles to be equally diſtant, .he ought to have pla- 
coed their Diſtances according to the Proportions,of :the diffe- 
xencegof. the. Secants of, ſome ten; minutes, next ſueceſlively fo]- 
lowing"one 2nother:inſome/Degree of the Quadrant, which'is 


eali6to.determine, from:the.Diſtance of, the twoextream. on 


þounding'Circ!es 3; ofwhichmorehereaf.er,,.: ;.,. . AHI 
>'- Now though the Circles ought., not, according:to the ſtri& 
Rules of Geometry, , to;be-equally diſtant from..cach other, as 
Hevelins ſees to. ſuppoſes,;yet. 1, copfe(s,,.; unleſs the ſpace 
wherein theſe Circles lyei be,very. large, ang the-part9pf. a De- 
gree that are: tobe diſtinguiſht, . very:ſinall,: there is.no.neceſ}i- 
ty of ſo \curiouſly. diſtipguiſhing thoſe unegua Men” bo: 
they may ſerve well. enough-for uſe, .if theybe.taken,equa],. as 
Hevelius ſuppoſes, ang. indeed much. more. accurate, then.'fis 
poſiible;rodiſtinguiſh the Obje& by the bare eye/; and there- 
fore; 1iſhall-nor-need; to ;infiſt upon:the further Explication 
thereof; eſpecially becauſe when Icome-to ſhew.a, more: accu- 
rate way,of Sights, -1ſhallalſo ſhew a, much more accurate way 
of Diviſion; then either of thoſe two,of T:cho Brebe, or this ſet 


down by Hevelius, whichis wuch;the ſame with; one of thoſe 
"$504 : EA L ce} ; 


which 


| with was-Too years: fince; unde uſe of by 77ths, and deſcri- 
bed ,7and-15 by him, atributed- .to-/ an: "Zngliſh Mathemati- 
Clans: : ritt-7 4 | 
Buz Feld this ada elogs and arefal Perſon Put bimſc1f | 
to-the trouble, of making and. examining the Diviſions himſelf, 
 Feould:hear cly have wiſht he had thought upon ſome ſuch way 
asthis,. which I here deſcribe, and call a Compendium of Dia- 
, gonal. Diviſions,” it being a way, whereby as of the trouble is 
ſaved, | in performing the manual operation thereof, ſo ] judg 
it to be much more certain, exactand plain, then the other way 
of Diagonals. 
of one Degree ſerving for the whole ninety : 
for the ſecond are, Firſt, Becauſe ir is much plainer to be di- 
\ ſtinguiſhed, then by the help'of the edge of a Ruler, lying 
' over the Diagonals, one being able to ſee but one part of the 
Diagonal. 
fiducial Thread, , which is very apt to be bended and broken, 
if it lyes cluſe tothe Superficies of the Diagonal, and if it lyes 
ata diſtance, a skew-glanceof theeye will muchalter the ſeem- 
_ ing incerſeRion of the Diagonals, which in this way are both 
3 prevented. ' The way then in ſhort is nothing but this; Take 
a-thin piece of clear Looking-glaſs Plate, well ſmoothed and 
poliſhed on both ſides, and largeenough one way to cover the 
whole breadth of the Rim of the Quadrant, on-which-the Dia- 
gonals were to be made, and.the other way to cover two or 
- three Degrees, ( this I do the bigger, that the ſides of the Arm 
may not ſhadow!or darken the Diviſions and numbeings,) Sup- 
poſe, a.a a a. inthe 29th. Figure, . Plate 2. to repreſent ſuch 
a Plate, upon this Plate ;deſcribe with great care a Degree of 
the Quadrant you would have divided, and compleat it with 
all its parallel Circles and Diagonals, as you would have done 
any one/Degree upon the Quadrant, and if the Rim of the Qua- 
drant be very broad-in proportionto its Radius, you may by 
the Table, of natura! Secants or Tangents, ſet. the parallels at 
their due Diſtances, but if the Rim,be. narrow, 
 ciently accurate to wake their Diſtances equal, 
ons muſt be done with Compaſſes, . pointed with ſmall Diamant 


- Points; 


* Glaſs,: - The Glaſs, being thus divided. and lined, number the 


— 
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My Reaſon for the firlt 1s plain, The Diviſion 
And my Reaſons 


And Secondly, I think it much better then a ſmall 


*rwill be (uff- 
Theſe Diviſi- © 


in. the wanner-of thoſe where; ith Glafiers cut their 
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Diagonals, and place it in the Frame of the Ruler, with the 
lined fide next the Quadrant, ſothat moving it to and fro, the 
ſide of the Glaſs may immediately touch the Braſs Rim of 'the 
Quadrant. This Braſs Rim muſt 'be divided into 9o equal 
parts or Degrees, and at each Diviſion ſtraight Lines drawn 
from the Circumference towards the Center, the whole breadth 
of the Limb, ( at leaſt as much as is made-uſe of for the Glaſs- 
Plate, for the breadth of the Diagonals) the Frame to- carry 
this Plate is a convenient Cavity, lef6 in the moveable Arm of 
the Quadrant, the whole manner of which will be better under- 
ſtood by the Delineation thereof, to which I ſhall therefore 
refer the Reader. - The Diſtances of the parallel Cirdes if un- 
equa), may be eaſily ſer down true, according to the numbers 
of natural Tanpents or Secants, witha pair of Compaſſes, 'con- 
trived like Beam-Compaſſes, but having its Points to be fer at 
any diſtance, deſired by the help ofa Screw, movingupon one 
fide of the Beam, which I may have occaſton to-deſcribe'elſe- 
where more properly, and therefore will hereowit it. 

Next, If this way had not pleaſed, I could have wiſhed he 
had known this following, which is altogether as eafie, andas 


- Geometrically true, which I have contrived, and have made 


ſmall Inſtruments thereby to ſhew very minite Diviſions, very 
eaſily and very plainty, TI Rrike then upon the Limb of the 


| boning would divide, being firſt made exceeding ſinooth 
anc 


plain, aCircu'e very fine, and as lightly as poſſibly I can, 
ſo it bebut diſcernable, and by the help of a very large Qua- 
drantal Dividing Plate of ten foot Radius, Idivide the ſaid 
Quadrant in thefaint Circle above-mention'd, into 9o parts 
or Degrees, then by a' peculiar contrivance of a very curious 
Point that ſtrikes with a Spring, which I deſcribe in another 
Diſcourſe, the ſaid are inarked upon 'the Plate by cu- 
rious, ſinall, round and deep holes, theſe are by another Line 
without it; which is. divided and figured the Common way, 
diſtinguiſhed and mumbredby Figures, ' according to the Com- 
mon manner. Then for the ſub-Diviſions''T'make a ſivall 
Hold-faſt by a Screw, - which is fixed onto the moveable Arm 
of the Quadrant, this ſerves to hold the end' of 'a Diagonal | 
Hair, the other end of which is ſtrain'doverthe Supplementary 
Degree, tillit-lyeth dire&ly over __ prickt-Hole of thecuri- 


ous 
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ous Diviſions, on the Limb of the Quadrant, this gives me the 
by 97 14 of the Quadrant, ro what accurateneſs 1 deſire. 

The Supplementary Degree is a Degree of a very large Circle, 

put on.yupona ſmall Rule, fixed onto the ſide of the moveable 

Arm, whoſe Magnitude and Diſtance is found by this Propor- 

tion, as the Diſtance between theend of the ſmall Hold-faſt and 

the pointed Circle, is to the Radius of that Circle, ſo make 
the Diſtance between the ſaid End and the Supplementary Cir- 
cle to the Radius of that Circle. This wilibe more-plain by 

a Scheme. : 
| Let aaa in the 3oth. Figure repreſent —_ bbb 

a very fine Circle, ſtruck'on the Limb of the Quadrant, from 

the Center 1, which by a large Quadrant of ro foot Radius, 

I divide into Degrees, and by a ſpringing Point ſtrike ſo many 

ſmall Points, and number them to 9o. beginning at m, and 

nuybring towards i. Ler dd reprefent the movgyÞle Arm, 

c c the hold-faſt, fixed upon the ſide of that Arm, which by a 

ſmall Screw pincheth and holds faſt a very, fine Hair at k, ee 

the ſinall Ruler fixed at right Angles, with the Line 1 kf, in 
this Line (through the Points | and k) I takea Point, as f, and 
through f. I ſtrike a part of a Circle fg, whoſe Center is 
ſomewhere inthe Line fk | produced, which I find by reſolv- 
ing. this Proportion, ;as k i 1s'to, li, ſo will kf beto the Ra- 
dins. of the Supplementary Circle fg, which will fall ſome- 
where in fk 1 produced, towards], then take a Degree of 
that Circle, which will extend from f to g, and divide ic in- 
co as minute Diviſions as are neceflary, and number them from 

f to g& Now to find what Angle the Sight d d maketh with 

the Sight m m, I ſtrain the-Hair h k, till I find it lye over the 

next Diviſion Point towards the right hand, and obſerve in 
the Ruler' e e, what part of a Degree is there marked, and on | 

the Circie b b b, what Degree is marked, the ſum of both * 

which gives me-the true Meaſure of the Angle d d | m. But 
this only by the By, 'and I will not now farther enlarge on the 

Explication. thereof, deſigning it for another Diſcourſe, 

where 1 ſha'l deſcribe various, Mechanical and Practical ways, 

of accurately dividing Lines, into any aſſignable number of 
equal or proportional parts. 

To proceed then where LE left off, to the examination of 

the 
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cis inftrimnn of Heuelive, Ind that together withthe' Brafs 
Quadrant'I'was'fpeaking* of, he deſetibes'two Contrivances 

 aboutit 3 The firſtis; How to fer it Prefediely'" to'anupright; 

withont'the trouble of turning” the 'Screws'in' the Pedeſtal; 

which is P/ain enough, and ſo much the better 3 but it hath this. 

of i inconvenience, that it muſt be altered for every Azimith, 
which is a very great one, 'and-which by another way altog 

_ as eaſie and Plain, ny be WyoIne; '6f Which more here- 

after” 7 5 I 1097 v6 

Another Contrivance about this lien, isa ſivall Screw 
for moving it and keepingit ſteady in any poſture in the ſame 
Azimith,, which is' convenient enough,” but will not perform 
what he af: erwards ſuppoſes] It hey $ratn of,” as Hſhallaf.erwards 
ed 

- The ſecond: lnftranient; which in "_— ihird Chixprer; pap. 
102,103, &#c.” 108, he deſcribes, is a Sextant of Braſs, 'of 
three foot Radius, carefully made, and divided with the ſane 
care-and after thEfame way as the former. ' The Sights'alſg are 
wuch the ſawe, only whereas intheQuadrant he makes uſe of. 
a Plate, 'with parallel edges for the Sight” thats isat 'thE center, 
and furtheſt from theeye ; in this he wakes uſe of a Cylinder, 
which way alſo Ticho made uſe of re0 years ago, and hath Been 
ever ſince madeuſe of, - 'The other Sights next theieye are' the 
ſame with the former :'Thete'is 'nothing ſingular in the Pede-; 
ſtal, nor in the Ball and Socker,; only*tis ſomewhat bigger 
chen ordinary. _ His way of moving and fixing the Rule of itis' 
convenientencugh, andthe ſame with his Inſtruwent for moving 
and fixing his Quadrant, but 'tis not capable of periovating 
what he promiſeth for it, - - 

'The third [nſtrumene, which' in the fourth Chapter! he de- 
ſcribes, is a'Sextant of Iron; 'of four foot Radius; 'to be ma- 
naged only by one Obſervator, by putting the Center next 
the eye; The whoie ſaſtrument is little differing from the 
former, ſave only that the Cylinder at the Center which. is here 
nexr theeye, is cover'd with another hol;ow Cylinder, which 
is,voluble and convertible about the former, 'and carries two 
ſnall Slits: for the Sights, which- performeth the ſame as the 
other Sights, but nothing more, andas/the Author himſelf af- 
firms,:j is not ſo accurate for uſe | as the" other Sextanr, where 

NB there 
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there aretwo Obſervators, and therefore was ſeldom made uſe 
of by him.” 'But I ſhall anon ſhew a way by which one Obſer- 
vator alone ſhall be able' to take any Diſtance to a Semicircle 
with much more accurateneſs and conveniency then any: two 
Obſervators can ; and therefore will be an Inſtrument of the 
beſt uſe for Aſtronomical and Nautical affairs,for the perfeQing 
both which I defign it. | | 

 Thefourth Taſtrument, which in the fifth Chapter, from pag. 
I I 4,65, to 123; he deſcribes, is a Quadrant of fix foot Radius, 
whoſe Frame was all made of dry Oak , but the Limb,Sights, 
Sockets,&c. were made of Braſs, divided: ſo as to ſee every 
quarter of a Minute diſtin&ly, the Sights the ſameas in the firſt ? 
Quadrant,and the way of ſuſpending it not much differing, ſave 
only, whereas in the former the Pedeſtal was moveable, in this 
it is fixt, which is much better. And the Inſtrument is-kept in 
an eAfZquilibriam, by the help of counterpoiſes- hungat the end 
of a ſtring, and caſt over a Pully, as is more viſible by his De- 
ſcription. But this (as all other wooden Inſtruments do} he 
found to ſhrink and warp, and conſequently to loſe its exaCt- 
neſs, and therefore he made little or no uſe thereof, but laid it 
aſide, and-made himſelf berter of Braſs, 

The fifth Inſtrument deſcribed in the fixth Chapter, from 

pag. 123. to 132, is a Sextant of Wood of (ix foot Radius,made 
in all particulars like the fortner Sextant of Braſs of three foot; 
nor has it any other contrivance about it conſiderable, ſave on- 
1y a reſt made to flip up and down for the Obſervators to reſt 
their Elbows upon. Burt this Inſtrument alſo he found to be 
_ vitiated by the ſhrinking and warping of the Wood,and there- 


** fore he laid that by alſo, and ſeldom made uſe of it, 


- The ſixth Inſtrument is a large OGant of Wood of eight foot 
Radius; this is made exactly according to the Form of Ticho's _ 
OGant, and ſerves for taking any Diſtance not exceeding 45 . 
degrees. The Sights near the eye are' made exactly as the former, 
but moveable, ſo as to flipupon the Limbs of the Ocantz the 
Diviſions of it are performed by Diagonals as before, and gives 
a greater nicenefs of Diviſion then the Eye is capable of diſtin- 
guiſhing in the Obje&, and therefore of little uſe, | | 

And thus far the Author proceeded” in Ticho's way- 
Bur finding theſe Inftruments which —_ made for the moſt 
| | | part 
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 Þartof Wood to be Sjeſs to faileur,: heaſpired to get better 
Infiruments made all of Braſs or Iron;; and; wholly laid aſide 
the reſt as altogether uſeleſs, And 1 camot but very much ap- 
prove of his Judgment in ſo doing, for ceriainly ceteris paribus 
Inſtruments, well made of Braſs or Iron, are much co be pre- 
ferred before the beſt of Wood. Bur yet neither are all man- 
ner of Wooden Inſtruments to be rejeged; nor are all ſorts of 
Metalline Inſtruments free from error, though 'tis confeſſed, if 
they be made and uſed with $skill, they ſuffer not any conſide- 
rable or ſenſible variation, Firſt, I ſay, Wooden Inſtruments 
may be ſo contriv'd as very near to equalize thoſe of Metal, the 
Joynts and Plates for Diviſions only being made of Meta], they 
being very eaſie to be reQified before, and examined after eve- 
Ty time of uſing, Such a one was contrived by Sir Chriſtopher 
Wres, being two ſquare Wooden Tubes or Teleſcopes, joyn'd 
together at the end next the ObjeQ by a Joynt of Braſs, and the 
Ang!e made by the opening of them, meaſured by a. ſtraighe 
Rule equal to half the Radius, divided by Diagonals into. 5000 
equal parts, which will bythe help of a Table of natural Signs 
or Subtenſes, ſhew the parts in Degrees, Minutes,and Seconds, 
of which I think T acquainted Hewe/ims ſome years ſince, Next 
Braſs and Metalline Inſtruments, if they be not very carefully 
fortified againſt it, are more apt to bend then even thoſe of 
Wood: And the beſt way I have found. to ſecure them true and 
plain inall poſtures, is to lay them on a Table or Frame of 
Wood, well fortified underneath againſt bending , and by the 
help of ſinall Screws in ſeveral parts of the Inſtrument to ad- 
juſt it upon that Frawe s the whole Table and Quadrant being 
ſo counterpois'd, as to beealily moveable and fix in any -po- 
ture. But Hevelin is pleas'd, as 1 faid before, wholiy to lay 
alide all manner of Wooden Inſtruments as uſeleſs, and to indea- 
vourthe obtaining of Inſtruments of Braſs or Iron. Nam (ſayes 
he pag, 136.) cam longs experientis. probe tandem didicernn, 
awito fecnrive eſſe ex ſolide prorſus metaiiovbtinere Inſtruments , 
ram go mera  ampliora eo efſe accuritiora & abſoluticra, ad- 
bec prioribus admoaam Tichonicum confiruftis plarima deefſe qui- 
bus drtari merito aeberent ,, & quoa ttſaem ole canſis omnine ne- 
cefſum: ſit, ot parte corrigerentur & meliorentur , tans qua eorum 
materiam [ru ifuram commotionem- facilitandam divifioncn quan 


. alia 
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alia diverſa ſubſidia &* adminiculs, quo fic aptini,exquiſiting, promp- 
tins , minorique labore,@t. ac renprs end poſſent Uſtris ex- 
poni obſery ationeſque peragi. lacirco omnem curam atque operam 
pro tenui ingenti met facultatumque mearum modulo a Deg conceſſo 
( reliqua ſublimioribus ingenits atque ampliori fortund Viris, five 
poſteritati noſtre relinquens) adhibut: quo minora, tam lignea u 
niverſs ab Aftris plane removerem, atque in cjus licum ex purg 
ſolidoque metalls, 4 op mihi compararem : & quidem ejuſmodi, 
que infigni amplituaine eſſe ent conſpicua, final commuditate regen- 
di, fimul aliquanto accurattoribus adhuc aiviſionibus, ad pauls ſub» 
taliores obſervationes obtinendas pauderent. His Reaſoning in- 
deed is very good, that ſince he had from mich and long expe- 
rience learn'd, that Inſtruments of Wood after Ticho's manner , 
were not to be truſted to by reaſon of their warping and 
ſhrinking, and conſequently that Inſtruments of ſolid Metall 
were much to be preferred before them, - and alſo that the laz- 
ger the [nſtrumencs were, the more exaGly they could be made 
ind divided,and that the more eafje they were to be moved, and 
the more ſteddy and ſure they were to be fixt in any poſition, 
the more convenient they were for uſe, he had therefore reje&- 
ed all thoſe Inſtruments which he had made afcer Ticho's way 3 
and had indeayoured to procure for his own uſe ſuch as were 
compleat, both for their matter and form, having cauſed them 
to be madeof Metcal that which could not be ſubje& to the 
inconvenience of warping , ſwelling, or ſhrinking, with the 
, variety of Weather, or length of Time: And-likewiſe of ſuch 
- a bigneſs as was capable of receiving more nice and curious 
Diviſions ; and in the dividing them had found ſuch contrivan- 
es , and uſed ſuch diligence, that they were more then ordi- 
narily true and exa&; As far ashe has gone on with theſe De- 
ſigns, he ſeems to have been even profuſe in his expences, - and 
exceeding bountiful of his own care, labour, and diligence ; 
but I could have wiſh'd heartily that it had been ſome other 
way imploy'd. Thoſe Inſtruments which he chiefly laboured 
to perfe&, he profeſſes to be Quadrants, SeQants,and Odants, 
af:er Tricho's manger, rejeaing all other Inſtruments of whatſoe- 
ver Figures, whether Radi7, Aſtrolabs, Podiasal or eAfquine- 
(Fial ; ' my  Parallaitical Inſtruments or Hoops, as more trou- 
bleſome, and leſs accurate. But whether he hath in this his 
| GC 2 choice 


choice been rightly adviſed, I ſhall hereafter have more occa 
| fion to. exawine when 1 come to deſcribe an Appatatus of In- | 
ſtruments necefſary\for fuch a'one as deſigns to prombre anc; 
perfe& the knowledpe of the Celeſtial Bydics and their mo- 
tions ; Kherein I ſhall ſhew that of ſome Inſtruments rejeced 

by him, there is a-uſe abſoJucely.necefſary. . _ _ : 
The Inſtruments therefore that he begins with are three ſmall 
Quadrants of Braſs; thefirft of two foot, the ſecond of eigh- 
teen inches, and the third of one foot Radius. Fach of theſe 
Inſtruments, he ſayes, were made ſomewhat larger then common 
Quadrants, to wit, of an archof 110 degrees, which is ro no 
other end, but only in order to ſhew the ſubdiviſions of each 
degree of the Quadrapt, by the help of a new invented Per- 
pendicular of Braſs wherewith each of them was furniſht. This 
Invention-is by him highly extoll'd for moſt excellent and uſe- 
full ; and to that end is wade uſe of for the diviſion of all his 
other Inſtruments, both great and ſwall. Hear what he'ſayes 
of it: Duiſcunque hujus rei (to wit, the new way of ſubdivi- 
_ ding the degrees of the Quadrant) primme fucrit repertor, ſubli- 
mes profecto cogitationesexercuit hoc ipſy ad congruentemeſſetum 
 deducendo, & inter preſtanti{ſima inventa meritiſſimo refertur , 
quod etiam minora Inſtrumenta remotis omnibus tranſuerſalibus 
Lineis, in fingula minuts eoriimgque particulas minimas ſubdividi 
liceat. Heſcems indeed both here, and elſewhere in many 0- 
ther places of his Book to be highly poſleſt with admiration 
of the ſublimity, ſubtilty, and extream uſefulneſs of this in- 
ention, . and ſeems very much concern'd that the Autkor there-. 
of ſhou!d not certainly be known, but dares not father it upon 
any one poſitively. He ſayes that one Bexedidfus Hedrews ina 
Work of his which he publiſhed Azz 1643. about the new 
and accurate Strucure of the Geometrical Aſtrolab, deſcribts 
itz but he gathers that he was not the Inventor himſelf, but ra- 
ther that hegot both this Invention and the whole Quadrant , 
which he deſcribes out of the Obſervatory,or rather Repoſto- 
ry of. Ticho Brahes Inſtruments, for that it ſeems Ticho was the 
Inventor of this way of diviſion; and yet., as I noted before, 
he prefer:d the way by Diagonals wuch before it, whatever 
Reaſon Hevelins had tobe of a contrary Judgment. . What this 
way is I ſhall by and by explain. -Butin the mean time 8 am 
6 Douy 
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ſorry to find. Hevehme joyning.with Hearems. in the Opinion of 
Demonſtration, as Hevelins:calls it, that the Sub-divifions by 
| Diagonals is not capable of .a Geometrical demonſtration,eſpe- 
cial:y inlefler Jaſtruments, - which have need of many Circles. 
I confeſs 1 underſtand not thetr meaning nor reaſoning, nor v hy 
ic ſhould be leſs demonſtrable in leſſer then in greater Inſtru- 
ments:;.- ſince-;tis very ealy demonſtrable both in greater and 
lefſer Inſtruments, and as Geometrical as any other way of Di- 
vifion whatſoever :» the Diagonal Line beingalwayes a piece of 
a Tangent Line, that is to ſay, the ſpaces between the Parallel 
Circles upon the Diagonals arealwayes tobe in proportion to 
the difference of ſome Tangent Lines, and the different diſtance 
of thoſe.Circles from the Center are alway. in proportion of 
ſome Secants : And the way of finding what thoſe Tangents or 
Secants are, and conſequently what muſt be thoſe Diſtances of 
the Parallel Circies I mentioned briefly before, and ſhall now 
more fully demonſtrate. From which] will make it evident, 
that the:-Theory was not as. Hedrens and Hevelius have ſuppo- 
ſed, uncapable of Calculation or Mechanical Demonitra- 
ti0N. | [4:3 | 
But firſt give me leave to ſhew you what way Ticho Brahe 
wade uſe of to demonſtrate, or rather to find out. the true An- 
gie unto eachequal Diſtance , which I find ſet down at.the Jat- 
ter end of. his Mechanicks, :asa Supplement-to-the reſt, Dz- 
viſonis puntta habentis tranſfuerſalia modus tals eſt, ut 54 ex- 
primit figurs in qua finguls denominata per Lincolas in deem in- 
terſtitia 4£qualia aiſcriminatum punts notata ſunt, ſicque regula 
fiducia quodcunque horum inter obſervandum tranſiens ipſum mi- 
nutum gradus, quod querebatur promit aut aliquotam ejus partem, 
prout w hoc wel illo punto removeri diſcernitur, Ut vero hoc e- 
tiam demonſtratum hic addam ob ſciolos forte quoſaam qui ea que non 
ſatzs capinut carpunt ſic habe. | FE. 

In Figurga4. Sit A centrum Inſirumenti ejuſque Semidiami- 
ter A O, / log Ol, Particula in qua diviſio iſta per li- 
neas tranſuerſas fit ea proportione que eſt 1 ad 48. qualis in meis 
Infirumentis ut plurimum uſurpatur. Ciumque Al ponatur parti:.m 
10000000000, integrt canonts majoris Rhetici, erit earundem Ol 
208333333 #tpote pars quadrageſima oftava radii Arcus TE fit 
20% +1 Y. 10' horum ſinus 29088779 Y I, Sinm autem ſecundns 
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choice been rightly adviſed, I ſhall hereafter have wore occa 
| Gon to exawine Een RO TOGFLTIOE an Apparatus of In- | 
ſtruments neceflary for ſuch a'orie as defigns tro prombte and 
perfe& the knowledge of the Celeſtial Bodics and their mo- 
tions 3 Kherein I ſhall ſhew that of ſome Inſtruments rejeged 

him, there is a-uſe abſo]ucely-neceſſary. - - . 
The Inſtruments therefore that he begins with are three ſmall 
Quadrants of Braſs; the firft of two foot, the ſecond of eigh- 
teen inches, and the third of one foot: Radius. Fach of theſe 
Inſtruments, he ſayes, were made ſomewhat larger then common 
Quadrants, to wit, of an archof 110 degrees, which is ro no 
other end, but onfy in order to ſhew the ſubdiviſions of each 
degree of. the Quadrapt, by the help of a new invented Per- 
pendicular of Braſs wherewith each of them was furniſhte. This 
Invention:is by him highly extoll'd for moſt excellent and uſe- 
full ; and to that end is wade uſe of for the diviſion of all his 
other Inſtruments, both great and ſwall. Hear what he ſayes 
ofit: Duiſcunque hujws rei Feo wit, the new way of ſubdivi- 
- ding the degrees of the Quadrant) primms fuerit repertor, ſubli- 
mes profectovogitationesexercuit,hoc ipſy ad congruentemeſſetFum 
 deducenads, & inter preſtanti(ſima inventa meritiſſimo refertur , 
quod etiam minora Inſtrumenta remotis omnibus itranſuerſalibus 
Linet, in fingula minuta corimque particulas minimas ſubdividi 
liceat. Heſcems indeed both here, and elſewhere in many o- 
ther places of his Book to be highly poſſeſt with admiration 
of the ſublimity, ſubtilty, and extream uſefulneſs of this -in- 
yention, . and ſeems very much concern'd that the Autor there- 
of ſhou!d not certainly be known, but dares not father it upon 
any one poſitively, He ſayes that one Benedidtus Hedrens ina 
Work of his which he publiſhed A4zxo 1643. about the new 
and accurate Strucure of the Geometrical Aſtrolab, deſcribis 
itz but he gathers that he was not the Inventor himſelf, but ra- 
ther that he got both this Invention and the whole Quadrant , 
which he deſcribes out of the Obſervatory,or rather Repoſito- 
ry of Ticho Brahes Inſtruments, for that it ſeems Ticho was the 
Inventor of this way of diviſion; - and yet, as I noted before, 
he prefer:d the way by Diagonals wuch before it, whatever 
Reaſon Hewvelins had to be of a contrary Judgment. What this 
way is I ſhall by and by explain. -Butin the mean time I am 
h | forry 


| _ + 7 
ſorry to find. Hevelimejoyning.with Hedrexs, in the Opinion or 
Demonſtration, as Hevelins:calls it, that the Sub-divifions by 
Diagonals is. not capable of.aGeometrical demonſration,eſpe- 
cialiy inleffer Jaſtruments, - which have need of many Circles. 
I confeſs 1 underſtand not thetr meaning nor reaſoning, nor why 
ic ſhould be leſs demonſtrable in leſſer then in greater Inſtru- 
ments:;.- ſince-;tis very eatily demonſtrable both in greater and 
leſſer Inſtruwents, and as Geometrical as any other way of Di- 
vifion whatſoever :» the Diagonal Line beingalwayes a piece of 
'a Tangent Line, that is toſay, the ſpaces between the Parallel 
Circles upon the Diagonals arealwayes tobe in proportion to 
the difference of ſome Tangent Lines, and the different diſtance 
of thoſe,Circles from the Center are alway. in proportion of 
ſome Secants : And the way of finding what thofe Tangents or 
Secantsare, and conſequently what muſt be thoſe Diſtances of 
the Parallel Circies I mentioned briefly before, and ſhall now 
more fully demonſtrate. From which ] will make it evident, 
that the:-Theory was not as.Hedrens and Hevelius have ſuppo- 
ſed, uncapable of Calculation or Mechanical Demonſtras 
t10N. | | 
But firſt give me.leave to ſhew you what way Ticho Brahe 
wade uſe of to demon(trate, or rather to find out the true An- 
gie unto eachequal Diſtance , which I find ſet down at.the lat- 
ter end of- his Mechanicks, ;asa Supplement to the reſt. Dz- 
viſjonis punita habentis tranſuerſalia modus tals eſt, ut 54 ex- 
primit e 48 in qua fingula denominata per Lincolas in decem in- 
terſtitia 4qualia diſcriminatum puntts notata ſunt, ſicque regula 
fiducia quodcunque horum inter obſervandum tranſiens ipſum mi- 
putum gradus, quod querebatur promit aut aliquotam ejus partem, 
prout ab hoc wel illo puntFo removeri diſcernitur, Ut vero hoc e- 
tiam demonſtratum hic addam ob ſciolos forte quoſdam qui ea que non 
ſatzs capinut carpunt ſic have. | _ 

In Eigurs 34. Sit A centrum Inſirumenti ejuſque Semidiami- 
zer A O, ſſumitur autem O1, Particula in qua diviſi iſta per 1i- 
neas tranſuerſas fit ea proportione que eſt 1 ad 48. qualis in mis 
Inflraments ut plurimum uſurpatur. Cumque A I ponatur parti..m 
10000000000, integri canon majors Rhetici, erit earundem Ol 
208333333 tote pars quadrageſima oftava radii Arcous TE fit 
20 6&1 V. 10'.horums ſinus 29088779 Y I,Sinw autem ſecundns 


eoruniem 


(22) 
eorundem' 4.2308. V.Y . qui additus NV quod aquale eff OT facit 
N Y:20837564 7. ' In triangulo igitar NYT ad'Y rettangulo nots 
- funt aus: Later N Y &'Y 1; quire datur baſis I N 210396268. 
una cum angulo NIY 829. 3', 10". 47". ent additus VIA 89%. 50. 
conficit NI A. 171% 53'. 10"%.47", Baſis vero N I in triengulo 
refFangulo:N V ] dividatur in decem partes eaquales ut conventant 
ani minuto 21039621 repreſentate per B, Moxque in triangulo 
obiiquengulo BIA. dantir} dun laters 1B & TA. radins,una cum an = 
galo BI A,quiidem oft cum NIA 171'.53'.10". 47". prize reperto: 
 quare innoteſcit angitins IAB 1.17 ".quitantummodo t'.efie debe- 
ret, it « ut major [it 'ſaltem 1". 5"; differentis ſant inſenſibili: fi- 
- militer ſi'Þ | aſſumatar|noven'particularum erunt ex 1$93 $6587 
habebimuſque rurſus triangulum FT A in quo dantnr div laters FI 
modo: dift um und cum vaio | A.' & angulo F I A ab tiſdem compre- 
henſowvelut antes extirgitque angulms 1 AF 9'. 1" &”", quidebebat 
elſe 5' exacte deficiente innltimo minuto FN. 1", 6", Porno ut 
®circa medium dem tentetur quod nunc apud extremitates fecimus 
inveniuntur eaders qua antea primo Angulms Tl AH 5*, 3". 6". 
abundans ' 3". 6,' Secundo Angulus NAH &. 56". 55". deficiens 


fi Wa 


3".5".  Patet itaque quod maxima difſerentia, frve adjetFiva, 


five ablativa in hac pragmatia proveniat minimum quid ultra 3". 
quam ſubtilitatem wviſus acumen diſcernere in quocunque tandem 


inſtrumento nullatenus ſuſtinet, 'qua etiam per ſe otioſa eſt, quare 
fruſtra nudumntinScirpo aa Mega: hanc noſtrams ſatis accuratams 
aiftributionis formams eavillari preſumant. By which *tis evident 
that Ticho underſtood an inequality, and what it was, and that- 
ir-was inſenſible, and fonot to be: regarded. Now *tis' to me 
very wonderful indeed that T7cho having thought of away of 
calculating this-inequatity, ſhould not think of anealie expe- 
dient of reforming ir by putcing the ParaVlel Cireles ar unequt), 

- but their due proportionate -diſtances. And *eis much more 
ſtrange that*Hewgling ſhould ſtill affirm it to be a way not- Geo- 
metrical» For«6-any one" that confidets this proportion; the 
inclination of a -DiagonaÞ Line being given'to'find" the true di: 
ſtances of the Parallel Cireles that ſhall divide-any- affignable 
part thereof ih any proportion afſigned: Nothing can bemore 
cage: and for more expedition uſe may be made' of the Table 
of Natural Targents which-is ready" calculated to hand, For 

 in{}ance 5 Let BCrepreſent a Diagonal Line ſubtending an we 
| | gul 


E (23) 
gu]. of xo%ar.the:Center:&; produce the ſaid Line BC to F,and 
ler. fall a Perpendieulan,; fromthe Center. A'to E. Suppoſe 
then:»the'\Angieiar 1B rocbe one: Degree, then is BE the Tan- 
gent-of Sy *.-ro'the! Radius \& E; and EC is the Tangent of 
8. 50'...and.che differences-betweefi the Tangents of 88. 5o, 
88, 51.. 88, 52: 88, £4, -$8,54. .88, 55. 88,56, 88, 57, 
88,58. $8; 59.+ and $5;pives he Diſtances of the ſeveral Cir- 
cles, C, wn 23 /43'6 7\8:9:B-defired, C 

_ Since theReading of this'Le&ure, Dr, Wallis hath alſo de- 
ſcribed another way of finding theſe Diſtances, which he hath 
communicated in a Letter to Hewvelins, and I have prevailed 
with-the.ſaid Dodor to permit it-to be bere printed, being very 
ings and accurate, and proceeding by a differing me- 
thod, - 


. Dr. Walls his Letter to Hevelins, . 


—(ED & eft cur communt omnium Literatorum nomine rebus 
 Ipreſertim calicis addithorum yeadam gratias tum ob immen- 
ſos in tanto appar atu-ſumptos eregatos $am pretioſum conquirendo ſu- 
ellefilem Aſtronomicam, graphice hic deſcriptam, tum ob inde- . 
feſſes labores, inſomnes nottes dieſy; occupatiſſimos caleſts acqui- 
rendis obſervationibus impenſos ; quarum vim ingentem, Theſau- 
rays ſupra anrum & margaritias pretioſum erudito orbi jam ante de- 
deres,” plura daturus' indies, wverun non eft ut ſperem me verbis 
4quare poſſe tus merits, qui 'ex primatopens ſunptos plane Regi- 
os erogaſti ; onuſq; ſuſcepiſti non infeliciter, Herculets Humeri 
_ (ne Atlanteis dicam) formidandum. | 
;  Operis partem maximam jam evobui, miratus inihi tanta molis 
Inſtrumentorum ingeniofiſſimum regimen, &- ſubtiliſſimam divi- 
fionum adminiſirationem, cum-part diligentia conjunttam in Re- 
guls > Dioptris ſolicite curand#, & quidem fi hoc deeſſet reliquus 
\ #1 caſſumcederet labor ; quippe exiguus & vix evitabilis in Re- 
_. gulic aut. Dioptrss error, totum Inflrumentumwvitiaret, omneſy; in- 
ficeret obſervationes, ſed fongulis immuyart non licet, num tamen_ 
"_y attingam breviter, nempe diviſunes per Lineas Diagona- 
es, circulos in limbo concentricos oblique ſecantes. Hanc divi- 
dendi methodum jam diu receptam, ipſe retines & quidem merito, 
cirewlosq; hos concentricos equalibus intervallis aigjunttos habes, 
quod quemvi in exiguorum aut etiammedioerium ral 
"Y tHmbs 


% 


; CMP | 
Um latioribus dliquid erroris poſſer- inducere in this tamen tents 
amplitadinis Inſtrumentis cum limbis exigne latitudinis C quod the 
tu refte mones)' nihilquicquam erit : Herr quod in he '06- 


currere poſſit. Hac tamen occaſine libet hic ſubjicere, quod ca de 
re jam olim (circa A. 1650, aut 1651,) meditate ſum, atq; apud 


 aaverſaria mes nuncreperio : nempe ſt quis velet minoris Inſira- 

meuti limbum latiorems Lineis Diagonalibus oi dividere, quibus 
intervallis wporteat concentricos.illos cireules iponere ut an wlos 
invicem equates defignarent ille cum tranverſali mierſectiones 
calculs. Trigonometrico determinare. 

Diviſu arcus in limbo quairantis ( aliurve ejuſwod; Iafre- 
_— ) per ctreulos © concentricos & rettam Diagonalem, fit ls- 
titudo dimbi if R L=) L; Radius circuli intimi (ARz)R, extim; 
(AZ=AL=) LtR=Z continentes angulum(RAZ=) A. dividen- 
dum in partes quotlibet equales (quarum numerus 8) reitis a,b,c, 
.E*c...(quarum longitudo queritar,) facientitus ad RE diagonalens, 
angulus «, 8, 7 9, &c. aderque angulnsRAa=-A, RAb=2 
A.RAc= =A,&c: Fieque* -ARZ=O'8& AZR=V, Datis ergo 
eructbas R, Z cum angulo" contento A. (adeoque reliquerats ſunima 
Ot V) inveniuntur reliqui o' obtuſus V accutus.) Nans ZTR. 
| Z=R;: ths rangers. 2%. tangentems... 2-T 0 
deinde cogmitis angulzs © OF | 
 latere R TO latus a. _ fima, ; R': * ſinus O. Ko & par 


R = "125 2; 'Z=T, 2.. ayes) ergo Ot V= 
Heh Re "CS "Fr "Þ {oe . 2x01 bu +5 
Ooty. =687, 5483633, 62,. 5944427 =. Fang, 2% Y CHE reſponder ; 
angulus 89. $%.0% 1:7; Proxime. Ergo. #7 4.0. Y=0 8179" 
o'. o”, m7 fere cujus | omtecir'4 OF745 Tee newpe- idem qui fur 


| o®. s 9', s v. 43” 
Deinde ſecanaus fit 4 in10 partes ger Hae f# 1 Ls 
Twatur igitur ab,c,deft, .h,i, NEPYee COT a % 


"Wow." 
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Sin.B 


_ Strry(0 56:59-43+ Jo.0165780.) 


Sin.d(0 55-59-43. J0.0162877,) 
Sin.s (© 54-59-43. Jo.or59969.") 
Sin&('0 53-59-43- J0-0157060.) 
Sinn (0.52+59-43. Jo.0154152,) 
Sin.9(.0 51-59-43. JS0151243.) | 
Sing (0 50-59-43e. J0:0148335-) 


(o 51-59-43 J0.0168694. R=1:; Siy O=0.0174511. 1.03448=b,*477 


in.a('0055 $9 43 )0.0171603, Rmn:: Sin O=m0.0t74511, 1.01694=a. 


1694 


13816 


0.0174511(1.05264=c. 1890 


0.0174511(1.07144=d, 


| ©.01745I1( 1.0909 I=e. - 


0.017451TICT-111T0=f. 
0.0174511( 1-13206=g. 
0.0174511(1.15383=h. 


2199 
2264. - 


0.01745 11(1.17647=i. ©3523 


I.20000S7Z, 


: Praxis alters ft R=r. L=o0,r, Z=1,1. A=ro", ergo = 
179, 50. B=89'. 55", cujus tangens 687, 5438693, & 2, 7. 
©,1T 2:3 687, 5453693. 32, 7404223%= tang. 13% 15. 1", 
567" EE ergo Pt EE=O=178% 10). 1", 575, cujus comple- 
mentum ad ſemicirculum 1.49.58", 2"2.cnjus ſinus 0,03198327. 
Fo I RETR 24. | 

7 $a | [7 "UPY 
Sin «=1.48,53,22)=316920)319827\1.00918=a 97? 12 
Sm:C3.47.50-22)=314013)z319827 (1,018532=h 23+ 7 
Siny(1-46.58.2: )=311103) 319327 (1.02803=c 95" 779 
\ Sind(1:45.58.:4)—=308198)319837 (1,03773=d 210 4 
Sina (1.445325 )=305290)319827 (1.04762=e m7 * 


302343)... (r:ogn69f 3997 22 
299475) (1,06796=g - 64 mY 
__ 296567) (r.0j843=h 10® — 
- +293669) (1.0891 1=i ey 
290752) (1.10090=k 7 


.  Hattewm adverſaria, ubi duos caſus expendimus, nempe cum 
latitudo limbi ponetur pars quin'a & pars decima Radiibrevioris, 
& angulus dividendus 10 minuts prima tants fere excbiiz, quan- 
tun feret uulpwis canon Trigenometricus: '& quidem ultima mui» 
tas in ambiguo eff. nunc juſty: major nunc juſto minor-. ' Radium 
antes (ut ego/ſoles ')' facie. I, ( non ut plerumg; fit 10009000.) 
quo-omnes multiplicationes, & Dtviſunes per Radium faciende 
pr ecidantur : Adgoq\. figs habeo pro partibus decimalibus, quibus 
aq; cum opus eft., x iphras\premitto quo de - unins integrt-lot 
conftete. iu anno ot yan! 1:7 11, 000008 


EIT; | - (26) | 
|. Simili proceſſu_utendum erit mutatis mutandis fi latitude limbs 
| ſumatinr in alia quavis roportione ad Radii longitadinem. Sed 
_commodins. erit- (.ad vitandam moleſiiam toties querendi partem 
proportionalem:) -ut ſumatur- angulus ©. commode magnitudinis 
_ -( juſtis minntis primis determinanle abſq; annexis ſecundis terti- 
ifve) atq; its -quaratur Radii maximi-Z i longitado, eodems mods 
gue Reliquoram a,"Þ, C, os. puta fi in praxt poſteriori ſumpto ut 
prinsR=1 C angilo A=1 o' ſumatur angulus O nop qui illic prodit 
178, 10, 1", 57" ſed potius 178, 10's cujus complementun ad 
duos Rettos ef to.50'.hujus ſinus in ipſo canone habetar 0,03199 22 
& reliquorum item «,C,y,f,o&c, finus ſimiliter ibidem habebuntar, 
ut una tantam divifione opus fit pro ſirigulis exhibendis ipſaque Ra- 
dit Lomgitudo habetur non-quidem preciſe nt prius,, 1,1 ; ſed 
proxima (que itaque ſumends erit) ro9996-nempe. 
: | ; _ ©. ,(Laax00060=R 
Sin; « (=1.49 )=317015)319922(1.00917=a 
c =1,48)=314108)319922 1.01851=b 
=o 3tRe0 -- -1.02803=C 
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917.17 . 
934-18 - 
992.17 


3038293) 1,03772=d' 988. #9 


395385) 
© . 392479) 
, 299579) 
296662) - 
Hoo 293755) .* 
: Sin.x(—1.409)=2909847) 319922 1.09996 =K oy: 
frmilter omnino res-ſuccedit fi ſumptis Radiis R L cum angulo 4 
querumus V > Rading intermedios, \ant ſumpto Radio L cum an- 
 gulis AV querantir R & Radit intermeats. 06] 
 iVerumsſe limbs latitwdo fit. Radis-non nift pars trigeſſima quadras 
geſſima, quinquageſſima ant adhuc minor, atq; angulus dividendus 
_— 20 quidem 1 0 winata prima ſed totidems ſecunda,aut minor adhuc, 
ſubtiliop res eſt quam at canon onlgaris Trigonometrious hic adhibe- 
arur ; 2 que omneni. ſenſum ſugit, \jpſiq; circuli concentric a6- 
Pantiis equalibus quantum ſenſu poſſumns diſtinguere invicem dif- 
quan: \ quippe unius pollacis pars mille ſima nedum decies aut enti- 
Le \nnlefewe miner oft dierepantia quay us ſenſ porcis poſit, 
Sed nimins ſum iinvelevifelicemitaq; exruntem annuns t#hh.com- 
\revarus longs ſequentinm ſerie contrivandum, valere jubed.- '- ' 
; ue 


es En  - | 
- Bitto:proceed. Inthe next place I'think it will'be ſuffiic- 


 _ ently plain,to any one that ſhall cry both the ways;that theDivi- 


fions are by Diagonals much eafier diſtinguiſhed by the eye, then 
by this way ſoapplauded by. Hevelins, and therefore I cannon 
choofe but: conclude with Hewveliws, ( pag. 140.) though to a 
quice differing endand ſenſe : Sunt i2itur ſplendidiſſime tantum 
ſpeculationes. menttsq; idee quecungq; de Nonianis vel Hedrianis 
Diviſunibus proferuntur. Bur becauſe perhaps there may be 
ſeveral perſons chat have not-yet peruſed this Book- of Heveli- 
#5, nor that of BenediFus Hedrens, printed in 1643, nor Ti- 
cho's Mechanicks, of a much longer ſtanding, and thence may 
perhaps not fo well underſtand what this way of ſub-dividing 
is; giveme leave alittle to explicate it, and ſhew you plainly 
what it 1s. | | 
The way thenas it'is deſcribed by Ticho Brahe, and aſcri-, 
bed by him to-Perrus NNonins, that excellent Spaniſh Mathe-. 
_ matician, who publiſht it in hislearned Book, de Crepuſculis, 
ſuppoſing it alſo to have been heretofore uſed by Prolowmy, but(as 
Ticho is of opinion) without much reaſon, is this ; Ht ducan> 
tur intra'extremum quadrantens alii minores numero 44. ſucceſſ;- 
ve ſeſe comitantes, quorum extimus in 89. ſequens in 88. tertius 
in 87: & fic deinceps donec ad ultimum & intimum perventum 
_ faerit qui 46. portiones habebit. To which Deſcription pub- 
liſhed in his Mecherica, he adds in the ſecond Book, de Mun- 
at eAitheret receaſioribus Phenomenis, pag. 46i. Altera Di- 
viſio ad Clariſſemi Mathematici Perri Nonii imitationemper 
plures quadrantis arcus introrſum deſeriptos & diverſimoae ſubdi- 
viſos procedit. Etfiautem in has ipſa imprimis ingenioſs Nonii 
inventione, aliquid aucruarii loco expeditius a nobis additum eft, 
tta nt. exterior arcus in plurimas portiunculas aiuidatur-; neque is 
ordo aut numerus arcuum ſeſe intror ſum concomitantium, quem ille 
prefintuit ſed multo  expeditior e perfettior obſervetur, tamen 
quia hec ſubtilitas cum ad praxin deventum - ay? habeat labovis 
quam fruitus,neq, id inreceſſn Prefſtet quod prima fronte pollicetur, 
ut alibi plening oftendemus, Ydcirco apud nos dudum in uſs eſſe defiit. 
[ See more of this, pag. 62. Epiſtolarum Aſtronomicarum, ] 


From which way of Diviſion, thisof Hewelins ( which h 
aſcribes to Hedreus, but is more properly aſcribable to Per 
re Vernier, as [ ſhall afterwards ſhew ) is ſomewhar different, 

YI 2 and 


| CWV; - W | 
and-poſſibly '\might be'the:ſame that Ticho Brahe-eontrived: to 
compendifie that'of Nowigg, © OO 
The' way then'is this; deſcribed by Hevehns, pag; 147: 
 Duadrantes contraitiores its 4 me ſunt adornati, ut limbos eorum 
tavtum in integros & ſemigradus diſtinxerim;que ut hes diſtinitio 
. on nemini BM cov wideatur,” ſufficit tamen afſatim com- 
monſt .andis ſingulis minutis primis, dummode perpendiculi ex cen- 
tro appenſi extremitus limbum ſtringens in certas particulas fit ſub- 
diviſa, imo quod magis de quo non nemo ſane mirabitar, non ſolum 
hec rudior_limbi ſu Givi ſufficiens exhibendis ſingults minutis 
primis ſed etiam pro denis quinis quinetiam ſingulis ſecundis in ma- 
joribus organis /1 videlicet noſtrum Inſtrumentum direftorium adhi- 
beas. Oportet ut inferior illus pars curiojiſſime & leviſſime fit li- 
mata & levigats, ut limbum teotum equabiliſſome quidem tangat,ſed 
nullivi nimis adhereat 5 tum quovis loco liberrime pendeat wy, at- 
wviſionis tam quadrantis quam perpendiculi obſervator rite diſcer- 
nere valeat. Dividitur autem iſiud perpendiculum hac. ratione, 
ſt videlicet ſpatium 3 1' ſemigraduum in limboperpendiculi accura- 
tiſſome denotes ; idq; primunriy tres equales poo rhr ſum quam» 
libet trientem in Go dividas; atq; ita obtinebis ſpatiola paulo 


admodnun _— quam ſpatiola unins ſemigradiis, quia interca- 


peds 3 r-partium in 20 tranſmutata neceſſario finnt modice amplic- 

res. Attamen fi diviflones-perpendicult ad limbum quadrantis 

accedant circa extremitates perpendiculi, diſcy epantiola lia dtviſioe 

num 4b invicem vis ac ne vix cognoſcitur- circa meaietatem vero 

perpendiculi ſatis evidenter, ' In medio | nf 09 ee & di- 

ifendm parunulus index & quidem inter 15 &* 16 ſpaciolum con- 
_ fetuitur pro diſcernendis integris '&* ſemi gradibus; quos: accurate 
difFus index indicat, quando totum ſpatiumperpendiculi in 30 par- 

tibus diviſum in ipſo limbo quadrantss ſpatium 31 partium exquiſite 

ſubtendit. Eatamen'expreſſa lege fitotum Inſtrumentum abſolute 

ab ommi parte fit conſtructum'; quando veroiſte index pauxillun 

romotior exi(ffit integro aliquo wel ſemigraau certiſſimum eſt indi- 


| _ cium, obſervation iminuta'quidem adherere aut integro aut ſemi- 
. - gfatui adnumeranaa,' fi index huic vel ivicintor eſt. | Cognoſci- 


. fur autems minutorum numer ex eo, quanio lincola aliqua diviſt- 
enum in perpenaiculo cum una aliqua in limbs quadrantts pror ſits in 
unem eandemq; coincidit refFfam, Nunquanm enim nifi unica li- 
neols in'perpendicilo cum alters in quaarante, fi exquifite peratia 
| ſunt 


| ( 29 ) ; 
Junt'::cmnia\ emu: concurrit..” Is ifto igitur utrinſq; lineols 
comenrſu.ubz we eademys. vidalicet conſtituitar linea eſt. terminus 
- iþſorinminutorn vel iutegro grads vel. ſemi gradui adheren- 
Sima cd nent 25: [9041146] 208 
- This ſawe way.is alſo made uſe of by Hevelins, for the Divi- 
fionof. all his larger Inſtruments, as well as for the Diviſion of 
this-ſivaller,. by:fixing, it upan-the-Perpendicular, as he after- 
wards mentions, . caps.t5... p4g.307; where healfo givesa fuller 
deſcription of-ic, ro which refer the Reader. 

The.way indeed is exceeding ingenious, and very much im- 
proved by Hevelias, but yet ac the very beſt it is very diffi- 
-cu'r, both to make the Diviſions, and wuch: more difficult to 
diſtinguiſh them, as maybe plainly enough: ſeen even by that 
very Specimen publiſhed by Hewelizs, in the firſt and ſecond 
Figure of the Plate T. eſpecially if it be viewed with a wagni- _ 
fying:Glaſs or Lens; :and I do wonder that Hewelizes did not 
all this while think of making ule ofa Lens, tomake the Divi- 
ſions /and Diſtin&ions appear more plain, without which Se- 
.conds are not to be diſtinguiſhed, by thoſe kinds of Diviſions 
even inan-[aſtrument of 10 foot Radius, and by the help of it . 
they may be made and diſtinguiſhed, in Inſtruments of a quarter 
that- bulk, as he may find, if he pleaſe to make uſe of the ſhal= 
loweſt Obje&-Glaſs of that: Microſcope which he had from 
London | he may,'-1fay, by looking upon the Diviſions of the 
firſt and ſecond Figures of che:Table'T. with his Microſcope, 
plainly .dete& how far thoſe Diviſions: are ſhort of accuratc- . 
neſs, and how many faults.and inequalities - the naked eye and 
unmachined hand do commit... 

[t is therefore one of my ways for dividing and diſtinguiſh- 
ing Diviſions, to make uſe of ane; two, or three Lenſes, wherc- 
by not only: theeye is'very much eaſed, but the judgment is ve= 
ry much-augmented, and- the hand dire&ed, as I ſha!l after- 
wards explain, when I come to ſhew ſome particular ways of 
" making Diviſions. . bs HY 
\- But becauſe..this Bexedias Hetrens, from whom Hewel:ns 
affirms he received this invention of dividing the Limb of the 
Quadrant, was not ſo ingenuous as to confeſs that he received 
this invention from another, and becauſe perhaps the Book be- 
ing ſmall, may Have been long ſince loſt ang forgotten, having 
| > arty accidentally 


accidentally metwwith ane, I.ſhall acquaint Heveline, thatone 
Prorye Verwicy: (ls hexallyhimſelf): Copitainc” Ghaſtelein pour 


ſ# Majefti aw-Ghuftexu. Dornans, Gmſeeter, & General: de ſes © 


 Monnates au Conte de Bourgongne, printed at Bruſſels, by Frax- 
cs Vitten,: 1.63 1..(to:wit 12 years before. Hedreus) a Treatiſe 
in French, which he:calls, £4 conſtruction Plſage & les Propx;- 
etes du quadranti nowvean Mathematique, comme auffs ls conſtr 

tion dela table des fins de minute en minutes ſucce fſivement par 
un ſeu] maxime. Deplus un abrege deſditts tables: en-une petite 
armi page avec ſon uſage': O& finallemeint la methode de trokver les 


angles a un triangle par lacogmiſſance des coftez & les coſtes par 


les angles ſans Vayde'd aucune table. | Inwhich he hathat layge 
ind vetyplainty:deferibed this way of dividing the Quadrant, 
eo whatiatcuratenefs'ss defired, and pretends'itro be, as poſ- 
ſibly it was, -at-invention of his own. Conor t | 
Bur to return-where Left: to Hevelins his Diviſion on the 
Quadrant bythe helpof the'Braſs-arm;: I ſay, againſt rhis' way, 
betides what: have already mentiond,; I have a ſecond:Obje- 
&ion,' and that is; that ic requires amoſt execeding curio- 
. . fity and care'to make that:Metal Pendulum or Plumb of: Brafs, 
 ſoas'to beexadly of equal weightand make on both fides of the 
ſuppoſed middle Line; forif. it benor ſo, it way eaſily: vary 
_ not only-ſome Seconds;{bureven ſome Minutes from'its exa& 
Perpendicularicy,' and if:f0,/*ris tolictle purpoſe all rhe for- 


% 
— 


mer curiofity-abonr'Subdivifions- 


Thirdly, The Perpendicular ought alwayes to be kept very © 


clean from Duſt, for if @/litthe more Duſt ſettle on the one-fide 
then on the other, the Perpendioularity-will be vittated; and 
allehectrioſityelſe abour the Obſervarionwill.beloſt; - 
 Fourthlyg-:If che Pinot which ethis- Braſs Perpendicular 
hangs be notof ſomebigneſs; 'it way eafity warp,'or bend; and 
if it be of a conſiderable bigneſs; 'it will not move eafily; and 
conſequently the Plumb-will' not thang tender, bur! iff; in both 
which caſes it can be of no uſe in the World for i Aſtronomical 
Obſervations. © ' Further; if it have woſe uport' the Center, 
_ which it muſt do'to hang tender}! vhiew there will: lye as material 
an ObjeGion againſt it; for itsnot moving true pon! the Cen- 
terof the Inſtrument ; and therefore wpon' the whole matter*I 
conclude it ro/be-an Invention/indeed "of great fub!iniiey! and 
JETS | ſubtleneſs 


"% 
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| | C4 - ) 
rec mg 4 ebrfie-tHe'for Aſtronomy,to which Heve- 
Data ies ir 4d Muc#better therefore have been content 
to ae fowet TichsBrabrand made uſe of a common Plumb 
Line and Diagonal Divifions; where there is occaſion for them, 
for that.is true and: pragicabfy capable of exhibiting the Subdi- 
viſions of a 'Degree,as Minvte;as are neceſſary tocommonSights, 
Tn the next phace;, ' before he leaves the Deſcriptions of 
theſe three ſmaller Qua iadrants , he mentions an Invention 
oof his whereby he'fixes" the Quadrant in/any altitude , and 
eaſily moves it ſteadily "into any poſture defired "by. the help 
of Screws. This Invenrion-of his own contrivance he doth 
indeed very "highly applaud, inſomuch that he believes 110 good 
Aſtronomical Obſervatians canbe made without it, But he 
muſt pardon me if I am notaltogether of his mind ; Tgrant in- 
deed the thing is exceedingly convenient, .jn compariſbn with 
any yet. uſed,if it be well made, and that the way ofapplying it 
fo the Quadrant be very'facil and eafie. 'But*tisnotalway-ſo 
neceſſary, but that Obſervations'may beas conveniently made 
without it, 3S1 ſhall afterward ſhew, in the Deſcription of the 


moveable Axis, for continving* the Inſtrument in the Plain of | 


the Objea ,- whether a Diſtance or an Altitude be'to be 
taken. | 
' - In thenext place he pidceedFt deferibe his large'Qua- 
drant of Braſs adjuſted foas totake' Altitudes 'and 'Azimuths,, 
of which he makes a full- and particular defcription; but the 
moſt conſiderable thing that isnew init is 3 that inſtead of a 
Screw-uſed by Tichs for lifting and moving the Arm with 
Sights, he makes uſe of two Lines: poys'd with Plumbers, 'by 
the pulling of this 'or that of which-he isable 'to raiſe" or fink 
the Ruler with Sights, a!l the reft of the contrivance'being 
to make it tand'per pendicularly i inany Azimuth, which ]chink 
- may be done to greater certainty with leſs cronble, by a way 
'T ſhail afterwards ſhew : As an Effential ' part of this [;ſt-u- 
. ment, he takes occaſion to give the deſcription of the Turret 
.or Obſervatory which he buitt for it, and the feveral contri- 
vancesabou' it,” which I.now omit. 
" The uſe he made of this Inſtrument was for the taking the 
[Meridian A'tity .dexof the Sun ;- of which he algriws to have 
takena very great nlimber, eſpecially fuchas were'ok moe 
Pa 


Y 
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pale ſoeche vegulmingahmmation ff he fo ; Such as the 
| Solftitialand-Equinogial Akicudes, of whigh | hope we ma 
expe& an account incheſecond and third Part of his. Machine 


 Geleſtis. 1 know not to what. exaQneſs he/hath. proceeded iti _ 
- takinghis Meridian Alticudes of the Sun z bur had he proceeded 
in the, way by Teleſcopes , he might have taken all his Alti- 


tudes of thatkind to a fangle, Second,” with great caſe and cer- 

- And upon;this. occaſion I hope it will not be unacceptable 
tomy Aſtronomical Reader to hint a very expeditious and ex-= 
ceeding accurate way-of making a Catalogue of all the viſible, 


' as well as themoſt conſiderable Teleſcopical Stars of the Hea- 


ven,” - Far thedoing of which there will not need a tenth part 
ſo. much time as-for; che other, wayes hat have already been 
wade uſe of, and.yet, will very much exceed them all in accu- 
rateneſsand certainty, The way then in ſhort is nothing but 


_ . this: Lee there he wade a very large mural Quadrant,or rather 
_.. Semicircle, of 3e foot: Radius, fixed-exaQly in, the- Meridian 


nd 


mand ſolid, to 


againſt a Wall madegf ſquared Stones, w ell japan cramp- 
- Ed together, and ſetled on a; foundation very I110 
. prevent/allmanner of flaking and ſwarving.. Let the rim of - 


IK 


this be made of Braſs Plates, ſtayed in their. die poſture by 


..cramps or bars of Ixon fixed inthe Wall, by running then with 
' Lead 2- then having divided this Semicircle into 1830 Degrees, 


and ſubdividedeach, Degree by,the help of Diagonals, on a flat 


and well poliſhe Plate of Glaſs, according tothe way I before 


- deſcribed into Minutes and Seconds: .adapt to it a 30 foot Te- 
leſcope,. ſo that the Tuheſhall-not warp, por the Glatles devi- 
/atroutof their erue. poſtares, the, Focus of the Obje& Glaſs 
.  make:to be-exaGly, upon the edge of .the Braſs Limb, ſo that b 

-'the help of 
'al place or altitude of a Juar' hairs breadth, « 
ven to.Secands of. a ;Minute, may be diſcoyer'd : the trouble 
of dividingt his Quaginae will be.ng more then of one of an 

. ordinary fjze; the ſubdiviſion, of one De erce ſubdividirig and 


'Eye-glaſs, .whichisa deep Convex, the punQu- 
of a Star to 2 quarter ofa hairs breadth, e- 


-4 
CY 


examining all the reſt. "The way of waking the Tube. of the 


:Tcleſcope-ſo as. not conſiderably to bend, way be done ſome- 
 mhatafeerthar yay ob:@ifjng the Iybrs of v7, "opg Tor: 
ſcopges.,which Leammunicated to Heve/ju, and you wil And 


-_ 


| (33) | 
at large deſcribed inthis Treatiſe of Hepeliur : 'Saveanly, that” 
tor Ropes which I fiſt thade uſe of, '! rather commend 
 ſo'miny Braces of Wood. * Now 'thoughnotwithſtanding all 
rhe Diligence that can be this way uſed, the Tube'do ſomewhat 
- bendin the middle, yer it canbe of no wanner' of ſignificancy 
as to the vitiating theObſervation;ſince firſt, theObje& Glaſs al- 
ways ſtandech inthe ſame poſture as to theCencer,and ſecondly, 
the Focas thereof is exactly in the edge of the Limb: '' 
Further,to prevent the1nconvenience of looking up or in any 
other uneafie poſture by the help of a reflex Metal one way al- 
ways look Horizontally,that is, perpendicularly to the plain of 
the Wall or Mural Quadrant;And to prevent the trouble and la- 
bour of moving or lifring the Tube by the help of a long yard 
poyſed upon Centers on a Frame before the ſaid Inftrument, 
both the Tube & Arm for theStght,and the Seat on which theOb- 
ſervator fits, may be counterpoiſed, ſo that by turning a Win- 
dle, he may eaſily raiſe himſelf with the Tube to any poſture 
defired. The Obje& Glaſs is juſt before the Center, and the 
Eye Glaſs looketh dire&ly on the Diviſions of the Limb , and 
there is nothing to ſtrain or ſtir the Inſtrument it ſelf; nor can 
the warping of the Tube, if there ſhould be any, have any ef- 
fe& on the Obſervation: Of this. I may ſay more on another 
occaſion. By this means (in one Nights Obſervation) the Do- 
clinations of ſome hundreds of Stars 'may be taken to'a Second 
by one ſingle Obſervator, having only one or two Aſſiſtants to 
write down the Obſervations as faſt as wade. And at the ſame 
time the right Aſcenſin of every one of them way be taken by 
the help of' a very accurate Compound-circular Pendulum 
Clock, which T ſhall elſewhere deſcribe, denoting even to 
vf a Second of time the appulſe of the Star to the Meridian : 
There needs indeed great exadneſs in every part of this Appa- 
ratus, and *twill not be done without a conſiderable charge,and 
much labour and diligence in the performance thereof ; but if 
we compare it with'the methods and wayes that have been hi- 
therto uſed, we ſhall certainly find'that the Obſervations will 
be near 3o times more accurate, the charge not a quarter, and 
the labour not near a tenth part ſo muchas in other wayes made 
ufe of by Tichoand Hevelins. And though ic way be obje&ted 
againſt this way (which indeed = be much more ſo againſt 
any 
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of fo uch all eakly I recs A E be De Noaia of the. 
eter Si q 2 a8. peat act b "Thiv Sib Fear deferve 
a much larger\an porta r Deſcription-of every Branch 
*of, and the Incou: F1 one One RldnGes whoſe. Name 
O Tg ofe glorious Ce- 
ry ir 4 = 4 ae ie &, dio LATTER 
orid wi alige T0\ct ate his. memory. But I fear 
this Age will bardly-yeild another Alpbonſus, another Ticho, or 
another Hevelizxe, who havenot pare co expend their utmoſt 


Dn Eg in. performing this. tagl a amt by ather gthods, 


t 4, Ns [ibail-proceed. 
By R99 Fea exe then. he; goes. on, be, his great Ho- 
rizontal tle Be Quadrant;. 0 of which he ſays, he does 


not believe that ae ah ike was wage b; F 20y: tf the ſplendid 
LAKES andre whole. Hpbrick, thexeot, be, conſider: PIG tis . 
EPrhs fo pond ae;hal and ſeryes,. be a 
ydesro Seconc hve he. is neceflitated tg. hs” 
bg By es arg ihe le en. adrant;, and of 
his Jar mural we ae [nor Jo oif ſee; any reaſon why Ticho's 
Quadrant ne 90 take Teri MAES Fahey 
more rately, linc ; ieve hi $.9I@RtS EVEry WAL as g00g, 
Eerie al her gs. exact 5!) hat. Ye might. f: Silk di- 
LgENGEr 1 cannot ſay} ..1do beheve this Inftrumep: to.;he-an 
ing good. one of the; kind;. and that he hath frow much 
ce _ EXPErience foundrout many.contrivances, in order 
to the waking convenient.to 1 make Qbſervations,. and-he hath 
not, ſpared, for coſt, pains, ſtudy anc induſtry, forthe. cauy 
pleating thereof 3 - but ſtil] whether he beartived. to the greateſt 
perfedion,, or.toſo.greatasto take Altitudes.ta Seconds, ſecws 
to 5 Ze Pahions: and ifhe made uſe of the Sights before-de- 
ſcribed, wholly impoſſible, Far. firſts. a. Degree vpcy the 
NG x! ut of an Web 0 ogy a Minute. is 
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ip es the upper ik deſcri- 
bed on the lower Sight, it.,muſt bound the Limb of the Sun, 
and that conſequeatly it will be eafie to diſtinguiſh when that 
Circle is perfe&ly, fill'd with the figure of the Sin, admitted 
through the hole in theppper Sight. ; Tanſwer,. Thar this ſeems 
very probable and-cafie, and .is indeed believ'dand aſſerted ſo 
by Optical Writers : But yet 'tis quite'otherwiſe z for not to 
mention that there js confeſſed by all, that the Penumbra of this 
Circle muſt beas big at leaſt as the. D re: of the holeabove, 
through which. it.1s trajeC Ge, which cannot, he leſs then a Mi- 
nute;,.I ſay, that pets! th demo nſtrate. that it is quite 
otherways, and chat.; the Limbo this: Pe painted « on the low- 
er Sight is termivated. with a- Penumbra, which' is ſometimes 
five or fix cimes bigger chen the Djameter ofthe hole, and which 
is yet Arapger.,the: fr maller the. bole; AN, the Higg gger is the Pen- 
umbra, and, the bigger. (rad gejpaſ Force) t ele(s, bu there 
i5no bigneſs which will ca kt of ; Quite, and the Diameter of 
the Sun that, way; pn, 1s ſometimes biggerand ſometimesleſs 
then. it, ought, an that to a very.conſi derable quantity : Of 
VAT. and ſeveral et LPY, range e propricties of Light, I 

ſhall hereafter. Wa nora Manor er. Subjec, , , 
-.-But to.proceed he hath jmad| mage: this taſtrumene bis 
cheſeſbyou may perceive en patherical deſcribing thereof; 
pL he ſays, of .jit 1; £48 184+ Armor hujm quadrantis 
mite 46 tof Ly Yrenens excogitata at ; hte: organ appli- 


eh nere, wt' neſcian 4 quibus Wau inchoare debeam, Imo 
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me velim,nullo tamen modg omnia &- ſingula adeo 
lintare wel de ſeribere poters, ut univerſi preprimi 
4 fonilia haul ipftovet ocilis uſtir parunt quevie recte as plane in- | 
relligant, quineriam credas\ velins urut alins ſunt axtentiores atq; 
hajus ret bene gnaros,  aliquoties Jane hncce Inftrumentumwviſuros 
antequam dimidiam tantam partem debite animadyertant as _ 
 wiſſime comprehendant.. Duippe &. verum fatear nec ipſe ego, licet 
fingula ex meo ſulg cerebro prodierint ac confeits fucrint, poſſems 
ado diftintte tibi cum ſub aſpetFum ponere nift mihi hocce orga» 
\num ſub ocults aſſidue verſaretur. Nihilotamen minus dabo ope- 
ram, ut quantum fiert peterit ailucide omnia proponam,reliqua-vert 
xercitatis celf metaloribus witerius timanda & perquirends 
omit am," 86 eo. OOO | 
 Andfo he proceeds with the Deſcription of this Quadrant, 
and the Apparatus about ir, and firſt, herel]s us of the weight 
of this Inſtrument, that it was 8o /. Next, of the ſhape of the 
Turret in which it was fixt, which is indeed very convenient 
and ingenious, it being ſo contrived, astv be 'voluble or con- 
vertib[e upon. Truckles, having' one only: fide open, and in- 
clos'don all fides elſe, fo that neither the'Obſervator nor the 
Quadrant was much expos'd to the. injury of the' weather; 
which is indeed of no fall uſe in Aſtronomical Obſervations. 
Bur'this may be done many ether ways alſo, He tells us fur- 
ther of the admirable and prodigious uſe of Screws, inorder 
tothe ſetring and fixing the Quadrant. Next,” 'As to the giv- 
Ing a motion to it, in order to follow the Sun and fixed Stars 
in their diumal motion. Thirdly, As to perform all the Sub- 
diviſions of a Degree, -not only itto Minutes but into ſingle Se- 
conds. | To all which I fay firſt, As to the uſe of the ſipall 
Hand+ſcrews, I do grant, that in” ſome 'caſes' they way have 
their conveniency, as to the moying and ſtaying the Inftru- 
ment.” But then fince he'is fain to make uſe of two Screws, . 
whereby both the hands wuſt be imploy'd to: manage theſe 
Serews, T judge theyy too rroubleſqay, for that uſe, and that 
there is a much better way,' whereby th&Quadrant being once 
ſet into 'the Azimuth of the'Stars, it ſhall continue to be ſo, 


£ * 8 Ls . 


and to movealong with it, without any trouble to the Obfer- 
vator, fo lor 8 the Obſervator hath occafion to Have it re- 
png fo, ptich Chat I mayhinr that only now by the By) is 
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| ſwall Automaton, which ſhall continue it for wany hours ex- 
wo, inthe Azimuth of-che Star defired, of which more here- 
afteſs-” > NF | 

Next, Whereas he affirms this way capable to ſhew Seconds 
as well as Minutes, I granc it way be capable; but then 1 muſt 
further affirm, that he hath not at all ſhewed how that canbe 
done, nor is it inceed feaſible in his way, for he ſhews us not 
afiy.way how to ſet it, that is, fix it.certainly to any Degree: 
Now if he be not ſure in the fixing it exaGly roa Second, up- 
on that Degree where he would begin his Diviſion, *tisa vain 
thing to be ſo accurate in the other Dimenſion, for he cannot 
be-morecertain, ( let him be never ſo curious in the Subdiviſi- 
oft with his' Screw) then he is certain in the firſt fixing of his 
Screw to the Degree, for whatever he varies from the Degree 
in the ſetting, he varies at leaſt as much in the Subdiviſions, and 
conſequently unleſs that be ſome ways taken care of, which I 
donot find, 'tisa nicety without uſe, | 

. To conclude therefore, I ſay, the Frame of this Inſtrument 
is extraordinary good, and by the help of ſome additjons, as 
to.the Sights,. Diviſions, Perpeadicular and EreQion, might/* 
be made as good as need be deſired for any uſe in Aſtronomy, 
and 4 times better then what ir is now made and deſcribed by 
Hevelizz, or then any I have yet heard of to be made in the 
World, Butas it is, it is not more exa& then the large Inſtru- 
ments: of the Noble Ticho Brahe, which he uſed 100 years 
ſince, and much ſhort of his mural Quadrant, for taking Meri- 
dional Heights. 
. He proceeds to the Deſcription of hisnew and large Braſs 
* Sextant of fix foot Radius : The Sights and the Diviſions chere- 
. of are innothing differing from thoſe of the Quadrant, nor do 
: I find any thing very conſiderable in the Deſcription thereof ; 
* It was made uſe of by two perſons in the ſame manner as the 
former Sextant, . and like that of Tzcho z but whatgrand incon- 
' veniences do attend that way of Obſervation, I ſhall after- 
wards ſhew, when I come to explain how one perſon alone 
may be able to do it with leſs trouble by half, and: ten times. 

more exaGneſs, | | 
"But by the way, I cannot but take notice of what Hevelius- 
ingeniouſly confeſſes, of the great difficulty there js in. toklng 

| =” ; the 
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-the Diſtance of fixt Stars from the Moon,” which 1s from no- 

thing elſe but the imperfeions of his Common Sights, and all 
- that difficulty yaniſhes, if the Sights be made another way. 
Next, He ſeems to make it a much more difficult buſineſs, to 
rake the Diſtance of the Sun from YVenwme, when ſhe is ſeen in the 
day-time 3 but by a way I ſhall hereafter ſhew, 'it will not only 
| beeafeto take the Diſtance of the Sun In the day-time from 7e- 
25, but from eMars, from Fuptter, ' nay, from ſeyeral of the 
GIG. $144 10 PR Ka 

T ſhall paſs by therefore his Apparatmws, which ſeems, very 
great and. char able, ſince I ſhall elſe-where ſhew a ſingle, 
plain way, without any.trouble or perplesity, how the mat- 


rer may be quite otherwiſe, ordered, much to the advantage of 
the Obſervator., fp -+3- 
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ſexuationem ſuſcipere polſint ſuis Dieptris Teleſeapicis piſt privs ac- 
2huo eas examinent as reitificent ; in 5". Famen examine varia 


vis, tum jugiter utut ſtudieifiime illu 
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vationibus continuo invigilaſſet fine dublo aliter ſentiret; © Hoc 
negotinm enim non ſolum 1n eoconfiſtit quod ftelle aliquanto diftin- 
eHns.confpiciantur (quanquam fixe ab eo qui viſu pollet &+ exerci- 
zatus eſt eque bene nudis ocults diſcernantur) ſed an Inſtruments ab 
omni parte corrette commonſtrent, an pinnacidia iy apy Inſtru- 
menty toties ad quaſuis obſervationes rite imponi ev tuto conſer- 
wart queant z de quibus quidem 1d onmi tempore 4que praciſe fiert 
poſſe valde dubito. Dnare Clariſſimoes illos viros humanifſime roga- 
tos tolo nif; jam poſſideant ejuſmod; on 079454 utpote ſext. 
ottant. & quadrant. Azim. Dioptris Teleſcopicic munita, eaq; ce- 
bo continuo admoneant, ſuſpendant judicium panlulum, donec longa 
annorum ſerie experti fuerint haud fuiſſe multotics egregie eluſos. 
Nam ex una alterave obſervatione quadrant. uliquo leviori perpen- 
atculo gaudenti obtenti, res hec maneſt aecidenaa, ſed fi quis per 
Io + amplius annos aſſidue obſervaverint, tum ab ovo ſeriam ſtel- 
larum reſtitutionem per diftantias Joſeopertt, poterit quadam cer- 
tiora in. medium hac de re proferre. © De reliquo ſatis mirari ne- 
ques, eas omnes qui'ejuſmodi Dioptrts Teleſcopicis gaudent, non- 
dum locorum ſnorum, elevationem poli ubi degunt & obſervationes 
peragunt, quantum ſciam refle & omnino preciſe determinaſſe &- 


flabiliviſſe. Huceſq; enim ad aliquot minuta integra Pariſts ele- 
watio pols nondum et definits, ' als quippe eandem obſervationems 
48. 4% alit go". alii51', alit 52', alit $3', alit 54, 55" imo am- 
pliorem adhuc flatuerunt : ſieuti legere - ex aiſcertatione Petri 


Petiti de latitudine Lutetiz,: ſed nolo in his prolixins eſſe;ad obſer- 
wationes ipſas provoco, tempnus aliquando aocebit quoruns obſervati- 
ones univerſes accuratiores fuerint, fi mbdo nonnnlli cenſuram ſuam 
eo uſq\ rejicere poſſent. ' Nam video aliquos inter quos etiam Cl, 
F], amſtedit s iwvenitur, prove ex Epiftola' ad Caſſinom pparer, 
ja. judicium de noſtris qualibus obſervationibus taliſſe, prisſquam 
11 adhuc viderant.examinarunt vel quicquam de tit copnoverunt. 
Nolo quidem wvanus efſe rerum mearum jattator, nec unquam mihi 
imaginatus ſum rem in omni iſto negotio circaſcilicet reſtitutionen 

» llarum fixarnm acus omnino tettziſſe vel tangere poſſe. "Sed 
hocce penitus mihi imaginor fi totum 1ſtud negotium Dioptris Teleſe 
 copicis ſuſcepilſem, quod non ſolum plurimos annos examinibus tyi- 
viſſem, fed ſpe ſine aubio varia via ( de jua hic non eft diſcerend; 
bocus) cecidiſſem. Exinde gratulor mihi me ad eam ſententiam non- 
dum tranſirſſe, «c me mea methode univerſoperfeciſſe ſe quiequia 
ICS |  preſittum 
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praftitum Dei beneficio erit : an nihil amplius (ut pytat Clarif: 
Flamſtedins) quam hatFenu &: quouſq; progreſſum-faerit liberam 
erit cuiq; cum dcinde viderit judicium ſuum exponere quinetians 
integruns erit alium novuns integrum catalogums ſuptradaitis tot ac 
tot centenis nonis fixts, hattenmu neglettis alia ratione conſtruere: 
Verum nondaum video an cura hac moleſtiſſima, tediofiſſima ac la- 
boriofiſſima, © que non niſi multorum annorum vigiiis ſuſcipi er per- 
agi poteſt, aliquem aahuc ſerio tangat. Unarh aut alteram ſtellam ope 
Teleſeapi vet Dioptrarum Teleſcopicarum, dum previpuas ac majo- 
res fixas earumq; intercapedines ſupponimus ccrrettas ad debitum 
locums deducere, tum nonnunquam diſtantias nonnullas ſtellaram ca» 
pere hc ludicra ſunt ; ſed omnes conjunitim ſecundum longum & 
latum reſtituere, tum duttu continuo ſingulis ſerenis diebus ac no- 
(ibn, tam altitudinum ſolarium quam reliquarum ſtellaruns ob- 
ſervationibus operam dare,easq; orbt exponere at pateat motuum 
\harmonis atq; Inflrumentorum certitudo, hoc artis hoc laboris eſt. 
Duands obſervationes 20 wel 30 annorum ſpatio continuatas ab 
* wtraq; parte aliquando habebimus, nimirum tam que Dioptris Te- 
 leſcopicts quam que ſolummodo niſtris ex calo deprompta ſunt res 
omnino clarior erit. Interea quilibet fruatur ſuo ingenio, ac ſua 
ratione pro libuturem tentet. Honorificum nobis omnibus erit pro 
modulo noſtro 2 Deo conceſſo, rei literarie incrementum varia via 
promovere. BEL | Finn 


To this Letter of Hevelizs T have this to anſwer, That 'the 
Author neither hath, had, nor can have any experience, to 
ſhew Teleſcopical Sights not to be as good as the Common, or 
that they are leſs applicable to large Quadrants , Sextants, 
Odants, or Azimuth Quadrants, or to any other Quadranrs 
furniſhed with Rules, and fo fixt, 'that they cannot be eafily 
inverted, or turned, then 'they are to Quadrants or Inſtru- 
ments of 3 or 4 foor Radius. - Nor is his Reaſon againſt them - 
of any validity, that-no Obſervation can be made, without a 
repeated previous examination and rectification of the Sights, 
in which, ſays he, notwithſtanding all the care and diligence, 
there is a Reaſon of failure and miſtake, -' For firſt, I ſay, 
There is leſs need of reGifying the Inſtruments or Sights, af- 
ter they have been once adjuſted, then of Inſtruments with 
Common Sights, a!l things being perfeQly' fixt, and ſo ſtrong 


as 
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as not eaſily t to pe irred, removed.. I now. begin. toſear, 
cr betnth pas eve pri, che manger'of performing the 
| gfh 3 be, would. never liave propounded ſuch an 
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he ri p the: fame thing 1can be, done 
"Q Sie: wi == then h DE 


boa ray that. the £ e thing. Eu 1d be0 times better 
done; inone of, 6 fopt Radius, 4 REG ter the ſame manner ; "of 
this, I am.ſure,, 1.g g97o ti the NaN |account. :: Now it. is. not 
with-theſe-kinds. of. nwents,.2s it ig with. Common Inſtru- 
ments,;;where.tis.ngt poſlible to make any better then one way 
be made of 3-foot,Radws,. becauſe thatis capableofNiyiſians, 
accuxate.enqugh {0 reach the power of che naked eye, z but In- 
ſtruments wich Teleſcopigal Sghts,; arecapable.to be, made to 
diſtinguiſh miqutes, ſeconds, 'pay lingle thirds; if they be pro» 
portionably apgmented. ; Nor-is there. any imeed-that a man 
muſt, make 7 years tryal ofan Inſtrument, before he cap. be CEr- 
| ingf the greater: excellency thereof, - for I cagþ&as, SSRN 
Wit 


EG. ST. © 
with 36t4 times viewing an Objed through a Teleſcope, 'and 


q 
, % 


with TEE, that T can! fee it better, 'and diſtinguiſh 
wry 


inany more ' uch fmaller parts in it through the Teleſ- 


cope, then I can with wy nakedeye, as Tcould be, ſuppoſing | 


I had been viewing it 20, years together, Bur'yet I muſt aſ- 
 fure Heveliue, wy experience hath not depended up6n 3 of 
4 tryals only, ; T.cannot chooſe but wonder why, he ſhould be 
of that opinion, who'hath not been leſs exerciſed in the"oſe of 
the Teleſcope, then any ar prefent in Exrope : Poſſibly indeed 
his Teleſcopes were not altogether ſo, good as now they are 
made, yet ſureTam, heſaw more with them then. any one can 
ſee withour them, as will ſufficiently appear by his Phaſes of 
the Moon,. Fupitey and Saturn, But Thope he. will not won- 
der at me,' though I donow venture to affirm, witholit ſtaying 
Io years or more to make Obſervations, that T can do more 
with a Quadrant, Sexrtant or Odant, of rt foot Radius, fur- 
nifſked with Teleſcopical Sights and Screws,. then can poſſibly 
be done with any other Inſtroment, furniſhed only with Com- 
mon Sights, though 10, 2e, 30, nay threeſcore foot Radius ; 
-nor does it at all follow, that che Latitude of Paris is not yet 
exaQtly known, becauſe Monfieur Petie was ignorant of it ; 
but it. rather. ſhews, that Obſervarions 'made with Common 
Sights, 'C ſuch. as I fippoſe Monfienr Perit's Thſtruments' and 
others, before the publiſhing of his Book wete ) are no ways 
capable of certainty to a minute or two. , —_ 

Bur I have done, and am ſorry I have been forced to ſay ſo 
much'in vindication of Teleſcopical 'Sights ; and that in the 
doing thereof, I have been neceſſitated to take notice of the 
imperfe&ions, that are the inſeparable concomitants of In- 
ftruments made with Common Sights. Nor ſhould I have pub- 
liſhed theſe my thoughts, had I not found them ſo highy de- 
cryed by a perſon of ſogreat Authority, fearing that thereby 
other Obſervators mipht have been deterr'd from making any 
uſe of them, and fo the further progreſs of ' Aſtronomy might 
have been hindred. Nor would I willingly be thought to de- 
pretiate or undervalue the Works and performances of a perſon, 
ſo highly meriting the thanks of all the learned World, both 


for his preat and liberal expence, and.for hjs.vaſt pains,” care - 


and dilipence; in the performing a Work'ſo highly uſefull to 
ib F 2 Aſtronomy 


% 
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Aſtronomy and Navigation, and of ſuch infinite tedjuw, trou- 

ble, labour. and. coſt, to the undertaker.. '1:do tot. in. the 
leaf doubt, but thar-it will bea Work worthy ſp excellent a 
er{0n, . of perpetual eſteem and fame, .and much preferrable 
to any thing yet done. of thelike kind in the World, and that 
he bath gone as far as it was poſlible for bumane induſtry to go 
pos? tab oO that kind, and that his Inſtruments were 


T 
as exaQ,. and compleat, and fir for uſe, as ſuch Inſtruments 
with Common Sights could be made, and that he hath calcula- 
ted them with all the skil and care.imaginableLand deliver'd 
them with all the candorand integrity, + Bur yer I would not 
have the World to” look upon theſe-as the bound'or xox ltre 

of hunune indvſtty, 'nor be'perſwaded from the uſe and im- 

- provament of Teleſcopical Sights, nor from contriving other 
ways of dividing, fixing, managing and uſing Inftruments for 
celeſtial Obſervations, then what are here preſcribed by He- 

 aeli, ForTcan afſurethem,. thatT have my ſelf thought of, 
 andin ſmall modulestry'd ſome ſcores of ways, for perteding 
Tnftruments for taking of Arigles, Diſtances, Altitudes, Levels, 

and thelike, very convenient and manageable, all-of which 

may be _uſed at Land, - and ſome at Sea, and could deſcribe 2 

of x hundre fore ,..cachof which ſhould be every whit.as ac- 
curate as the largeſt 


| of Hevelims here deſcribed, and. ſome of 
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them 40, 50, nay 69 times more accurate, and. yer everyone 


differing one from another in ſome or other.circumſtantial and 
. eſſential part.- , And that this may not ſeem altogether. ſo 
ſtrange, I will affure them, that I have contrived above 20 
ways for dividing the Inſtrument, cach of them as much di- 
ſind from eachother as this of * Hevelizs, and thatof Diago- 
nals, and yet everyone capable of as great certainty and ex- 
aAneſs at leaſt, and ſome of them 100 times more. - I have 
abovea dozen ſeveral ways of adjuſting the Perpendicularity or 
- Horizontality of Inſtruments, all as exa& as the common Per- 
Dal Ate and ſome, of them very much more, even to. what 
accurateneſs ſhall þe defired, and yer each of theſe very-dif- 
fering one from anather, I have as many diftering kinds of 
'Sights, for improving, direQing, adjuſting and aſcertaining 
the Sight, ſome of which are applicable ro ſome particular 
uſes, but fome for all, by weays of which that part alſo may 
ey  magels © | c - 
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be improved to hut acuraen 5 is deſired. T have various 
_ ways of fixing thoſe Inſtruments, and appropriating them for 
this, that, or the other particular uſe. I have various mecha- 
nical ways for making and working the ſeveral parts of them 
with geat expedition and certainty, which is a knowledge 
not leſs uſeful then the knowledge of the theory and uſe of them 
when made, there being ſo very"few to be found in the World 
that can or will perform ir. TI have. a- mechanical way of cal- 
culating and performing Arithmetical operations, much quick- 
er and more certainly then can be done by the help of Loga- 
rithms, which compleats the whole buſineſs of meaſuring An- 
gles. Theſe I mention, that I way excite the World to en- 
quire a little farther into. the improvement of Sciences, and 
. not think that either chey or their predeceſſors have attained 
' the utmoſt perfeQions of ay one part of knowledge, and to 
throw off that lazy and pernitious principle, of being con- 
tented to know as much as their Fathers, Grandfathers, or 
great Grandfathers ever did, and to think they know enough, 
becauſe they know.ſomewhat more then the generality of the 
World beſides: Reptat humi quicungq; vult, Celo reſtat itur, 
Czlo tentabimme ire. Let us ſee what the improvement of In- 
ſtruments can produce. | Ee 
And now to make my Reader ſome amends for his patience, 
I ſhall give a Specimen or two, of each of the ſeveral parts 
that belong to the perfeQiing of celeſtial Inſtruments : And 
this I ſhall do, in the Deſcription of an Inſtrument for taking 
all manner of Angles and Diſtances inthe Heavens, which if in- 
creaſed in bulk, is capable of as great accurateneſs, as the 
Air or Atmoſphere will ever permit celeſtial Obſervations to 
be made. Its perfection confiſts in ſeven ſeveral particulars, 
I, ln the Sights,. which are ſuch as way be made to. diſcover 
the minuteſt part diſcoverable in.an Obje&, they do no ways 
ſtrain theeye, and are fit for,al} Sights, whether ſhort-ſighted 
.or old,e#c. © 2, In the Diviſfions,which are ſuch as will diſtin- 
guiſh the Angle, as minutely as the Sights will diſtinguiſh the 
parts or Objeas. 3. In the Sights, being ſo contrived, thar 
with one glance of the eye. both the Obje&s though a Semi- 
circle diſtant, are at once diſtinguiſhed and ſeen together. 
4. Tn the method of ſetting it exactly perpendicular to _ 
| | | cond, - 
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cond, . if need'be., -$. Inirsfixation-and niotion; itbeing o 
fixed and moved, that if once ſet'to: the Objects; -it continues 
tomovealong with them, ſo longas tis neceſſary to continue, 
or be very certain'of any Qbſervation, 6. In its: not being 
difficult ro be made andadjuſted, and its not being without 
induſtry and deſign put-out'of order, and its being preſently, 
and with all imaginable eaſe redified and again adjuſted: 
7, In its not being very chargeable. -Firſt,; For the Sights, 
They are no other then plain Teleſcopes, made with two con- 
- vex Glaſſes, an Obje& and an Eye-Glaſs, of what'length and 
charge ſhall be thought moſt *convenient, fixed into ſquare 
. Boxes or Tubes of Iron ar'Braſs, andchaving croſs Clews at 
the: Focus, made with very fine Hair, or'filk-Wortns Clews. 
 Oneof theſe is fixed upon the ſide.of themoveable Bar or Plate 
of the Quadrant, - the Obje&-Glafs of which is next the Rim, 
and the Eye-Glaſs is next the Center, 'The other- of theſe is 
| fixed upon the {ide of the Quadrant by ſeveral Screws, and 
care is taken to keepit from bending or fagging.. This Tube 
is madeof twice the length of the former, .andhathat each end 
an-Obje&Glaſs, each of them of the ſane 7 nee the for- 
mer, and hath two Eye-Glaſſes in the middle, the manherof 
eo re. which I ſhall ſhew by and. by under the third 
Bur firſt I ſhall explain the manner of fitting a Teleſcope for 
a Sight. [Let aa bb inthe 12th. Figure repreſent a Tube,in 
which-let p repreſent the part toward the ObjeR+-Glaſs, 
whoſe Focus is at o, and let n repreſent the Eye-Glaſs, 
whoſe. F6cus alfo'is at ©, let s repreſent the point, 'where 
_ the eyebeing placed, the whole Eye-Glaſs n will be enlight- 
ned and fill'd with the Objec, then make a ſmall Tube about 
an/inch in length, and of ſuch bigneſs as it will juſt flide within 
the hollow of the Tube aa bb, and croſs the Cavity of that 
ſtrain two very fine Hairs or filk-WormsClews, which' may 
croſs each other in the Center of - the Cavity, by the means of 
which Box, the ſaid'croſſing Clews or Hairs may be moved to 
and fro, 'tillrhey are exactly placed in the very Focus both of 
the Obje&Glaſs and Eye-Glaſs, for if they be not there, the 
moving of the eye to and-froover the hole at:s, will make the 
Threads ſeem to move'upon the Objeds, but if they be m"_—_ 
| | y 
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ly in. both the aforeſaid Focus's, the moving of. the eye will 
notatall makethe ſaid Threads ſeem to move upon the Objedt, 
_ but they will appear .as. ſteady and fixt to the Objed&, as if 
they were ſtrained and faſtned to it, And though they are ex» 
ceeding ſmall, even as ſina)l as the Web of a Spider or Silk- 
Worm, they will appear very big and diſtin, and much 
plainer and bigger then a Thread in the Common Sights, at 
- the further end thereof, will to thenakedeye,. though above 
Ioo, nay rooo times the bigneſs, which at the firſt glance 
will ſufficiently diſcover the vaſt advantage theſe kind of Sights 
have above the Commonones. Nor is this way of Sights at all 
_ confined, but may be made to diſtinguiſh the ſinalleit part. of 
the Obje& deſirable, even the parts appearing to the naked 
eye, under the Angle of a fingle ſecond or third of a Degree, 
which is ſome hundred of times more curious then the naked 
eye can diſtinguiſh, without the helÞ of them, for the Teleſ- 
copecan be made longer, and the Eye-Glaſs can be made deep- 
er, and according as the Teleſcope is longer, and the Eye- 
_ Glaſs deeper, fo will the Obje@ appear bigger, and more mi- 
nute parts be diſtinguiſhed, the power of the eye being in- 
creaſed proportionably to the length of the Obje& Glaſs, and 
the charge of the Eye-Glaſs, and the goodneſs of them both. 
Now as Sights this way made,are capable of the greateſt accu- 
ratenefs defirable, ſo they are fo appropriated to the eye, 
that they no ways ſtrain it, for they way: be ſo ordered, as to 
 makeall thoſe parts that are to be diſtinguiſhed, toappear to 
the eye under the Angle.of 3 or 4 minutes, which moſteyes are . 
able well to. diſtingaifh, withour uſing too much attention or 
ſtraining todiſcover thew, This 4s no ſivall convenience, to 
one that is-to make many Obſervations one after another, for 
the eye by too much attention. is apt to be ſuddenly weary'd, 
. and it doth very much harm and weaken the Sight, to endea- 
vour to diſtinguiſh parts ſo ſinall, as appear to the eye under 
the Angle of a minute, very few eyes*being able to reach it ac 
all, and moſt others not without 'much difficulty and endea- 
vour. *Tis further conſiderable'upon this account, "that 'tis 
ficted for a'! kinds of Sights: For a ſhort-fighted perſon, the 
 Eye-G/aſs may be made to ſlide a little nearer the Croſs in the 
Focus z and for an old or decayed Sight, the Eye-Glaſs may - 
[4 move 
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moveda little longer or further off from the ſaid Croſs or Fo- 
cus; for a dim Eye, the aperture of the Objea-Glaſs maybe 
augmented, and the Eye-Glaſs made: ſhallower, or of a leſs 
charge ; and for a weak, tender and curious Eye, the charge 
of the Eye-Glaſs may be augmented, and the aperture of the 
Objed-Glaſs made leſs. And according to the ſeveral conſti- _ 
tution of the Obſervators eyes, the manner of Sights may be ac- 
commodated , which the other Common Sights without the 
| helpof Glaſſes, are yo ways capable of OST 
"The ſecond thingwherein the perfe&ion of this Inſtrument 
. conſiſts, is the way of making the Diviſions, which I think, -is 
far beyond the Common way, both-for the certainty and eafe_ 
of making, and ſecondly, for the plainneſs and certainty of it; 
in being diſtinguiſhed 3 nor is it capable of leſs accurateneſs 
for meaſuring, then the Sights are for diſtinguiſhing. And ir 
excels all the Common ways of Diviſion in theſe particulars : 
- I, That it: is wadecertain and not by gueſs, we being nor at 
all to depend;uponthe care, credit and diligence of che Inſtru- 
ment-maker, -in-dividing, graving or numbring his Diviſions, 
for the ſameScrew makes-it from end toend, as you will ſee by 
and by. 2. 'That the Diviſions are not at all difficult tobedi-- 
' ſtinguiſhed, and there is no uncertainty in the Fabrick, nor 
can there beany reaſon of miſtake, there being nothing to; be 
looked after, but' the Numbers exprefled in Figures at large, 
. ſufficiently plain to any one that can read the Print of a large 
Church-Bible. -It excels the Common ways thirdly, upon 
the account of its Compendium ; for whereas by Ticho's or He- 
velins's way, the Inſtrument muſt be made of 150 foot Radius 
at leaſt, eaſily and certainly to diſcover and diſtinguiſh Se-. 
conds, in this way it may be made todo it within the compaſs 
. of 3 foot Radius. And whereas incither of their ways, even in _ 
an Inſtrument of 1 5o foot Radius, the Diviſions are not eaſily 
diſtinguiſhed and diſcover'd without the help. of: Glaſſes, in 
this way they are made ſo eafie and: plain, that a man cannot 
miſtake, that is able by his naked eye to diſtinguiſh -Decimals 
of an inch. Now that this is ſo, as'I affirm, the Reader will 
eaſily underſtand, if he conſiders, firſt, that the bigneſs of a 
minute is hard]y half aninch, in an Inſtrument of _ r 50 foot Ra- | 
_ dins, and conſequently the bigneſs of a ſecond is but — of an 
ee ety” inch, 
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not pode power co! 6 The Bath e 1 which otherwiſe 
it is very apt to do. Why, this ter i5 thus made, and a bole 
lefc, in che N aidelſe thereof, p. you wn Fara underſtand more 
plainly, | Upon. the Iron 7b of the cas] laſt menti- 
on'd, is ſor and riverced a Limb of fine Braſs, firſt caſt 
kk that. ſhape', and then very welt Bape ardned and 
filed, repreſented. in HE, Fi ure by bb þb: This, as I faid, 
by .many | bole: 42 led throuph theTron ahd the Braſs, is ſcrews 
ed and rivette upon: hee OT wb. ſoas; iBour half an inch in 
a Quadrant of 5 foot Radi ps' doth! over -hang the iron Limb, 
and the ends thereof extend 4 conſiderable nd longer then the 
drank, the reaſon apd uſe of which you will by and by un- 
derſtand, when 1-give the Deſcription'of the Screw-Frame. 
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worſiritivn:of W3qs.iſoghin,:that I need not infit upon it, 
for:tho lengihriv beat of: the Screw is the we the 
Compals of the Cyindet isthe Radius, :and the bigneſs of the 
Thread, or the Diſtance þet waen two Threads, is the Tangent, 
ins right angled. Tyiapgie;:and the Screw is ſucha right ang- 
led Triangle,: woind! ahoutid Cylinder, putting the Tangent 
thereof parallel-tgxhearis off the Cylinder, and conſequent- 
ly-ig the Mechanical eryal of:theſe Proportions, the more 
Threads art tdkenite imwake that compariſon or meaſurement, 
the more exactis :the inclination found, The conſideration of - 
which doth'plainizithew, : how cxaGa way:of Diviſion this by 
the help: Of 4he Screw is; »farithe whole Quadrant is thereby 
reſolved. inte one grant Diagona), 'the ſame with the Triangle, 
the-[ength:of the:Thread upon the Compaſs of the Cylinder be- 
ing, the Diagonal, andthe Diſtance of the two ends of thoſe 
Fryer _—_— p__ to the Axis, being: the ſpace to be 
divided hycie and conſequently by augmenting the bigneſs or 
Compals: of: the Cylinder,: and diminiſhing y Thread, J on 
may. augment the Diagonal in any Proportion aſligned.: - Or by 
making thei:Hand or Index upon the end thereof, of double, 
treble; quadruple, decuple,: e5. of the femi-Diameter of the 
Cylinder, 0uciof which: the Screw is made, you way dupli- 
- cate; triplicate; quadruplicate, : decuplicate, : &c. the ſaid 
RR the Diagoria),"'in Proportion to the ſpace to be di- 
- 1 The;next thing then to-þe deſcribed is the Screw-Frame, 
wiadeof ,tron,: much-of the ſhape repreſented by h h h, in the 
ficſt:and+ 1* Figures: This'Frame, by thei help of a Screw 
through-the: aforeſaid Plate, whoſe: head''is exprefſed! by the 
round head} i, is fixed on to the long Plate from” the center, 
and by the help oof the Screw |, : is forced and kept down very 
clofe; upon the edge of the Limb of the Quadrant 3 the Frame 
hath 4 Collers'for the Screw-Pin to run againſt,” which are in- 
deed but half Collers, iſerving only to keep the Screw ſteady:; 
two of theſe are:made with moſt care, marked: with m w, in 
the 141th. Figure: ,againſt-mi,' 'doth:ireſt the Shoulder of the 
Screw-Pin 3, ' which is kept.cloſehome' againſt it, by the Cy- 
linder gg,” in - thein o: and-1.1: Figures 3: the ſharp Conical 
\ + Point of this Screw 9 9, goeth into the Conical hole, at rhe 
; | | encl 
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end of the ſaid Cylinder ggg.''i The ſhape of thisCylinder, 
and the'Screw by kn 1t'is forced” againſt the'end of 'the 
Screw 99, is repreſented inthe Toth. Figure; '7'in the 9thiFi= 
 gure repreſents the Conical Point; -3 the place lying againſt 
the Col:er m i ; 6 the Screw that moves'upon the edge of the 
Limb. of the Quadrant; 5 [the Nut'or: Pinnion by: whieh the 
Ecrew' is turn'd by &Rodfromthe Genter;! expreſt alone inthe 
8h. Figure, but the manner how it lyes: inthe Frame; is'ex- 
preit by p p 00 01n Fig.-1.0 00 repreſentingthe Rod;p pthe 
Handle by which it is turned 3 q q the Nut or Pinnion that 
turzeth the Pinnion 5 of the Screw 3. s r the Collers or Holes 
that hold it faſt tothe moveable Plate or arm of the Quadrant ; 


' $8: repreſenteth two. ſmall- pieces [that clip the edpe of the 
- - Limb, and ſerve to keep the Screw-Frame ſteady and true in 


ics oblique poſture, and move equally onthe Limb, by a ſtrong 
ſpringing of oneſide of it; c t repreſenteth the Index-Plate, 
which is divided into what number of parts are thought neceſ- 
ſary, 1 2, 3, 4, or 5 hundred'parts,: according tothe'bigneſs 
of the Thread of the Screwat 6, 'a greater Thread requiring a 
more minute Diviſion, and a ſinaller Thread requiring amore 
groſs. - Theſe Diviſions are pointed at by the Index 8 at the 
end of the Screw, and the number of Revolutions or Threads 
are marked-on the Limb: of the —_ ' and pointed at by 
the Tongue. e e, upon the which is faſtned a' ſmall Pin: f," ſerv- 
ing to carry a Lens over the Point of the Tongue, which 
' maketh the nuniber of Threads-appear more plain and big : 
The manner of doing which upon ithe Frame of the Screw, is 
ſo eafie, chat I ſhall not ſpend more'time inthe Explicartiori 
thereof, and the manner bf imaking the whole Inftrament, 'will 
beeaſie enough to any ingeniious Workman 3 but if any perſon: 
deſire one of them to be-made,' without troubling hiwſelf to 
dire& and; overſee: a Workngn, he may imploy Mr. ;:Tompion; 
a Watclimaker inWater-Lane near Fleerftreet ;- this perſon [ re- 
-commend;-as having imploy*d him-tomake that which Thave; 
;,whereby hethath ſeen and experienced the Difficulties thar do 
occur therein, "and finding him to be. very careful and curious 
£0 abſerve and follow:Pire&ions,; ahdi to:comphear and per- 
f@ his Work, -ſo as ro-make it accurate andifar for uſe, ':. 
% 451 [a "2 4+ O*61 13 9 0.0 wY IC Cit 10 3f:i05 
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\ Ry the help of theſe Indices, *cwill be cafie and plain to ſee 
tow, many Reyalutians of the Screw, and what parts of a Re- 
volytzon make:a Quadrant ofa Circle, and conſequently *cwill 
be eafie to make a {all Table, which ſhall ſhew what parts of 
' a Quadrant, divided into Degrees, Minutes and Seconds, will 
be deſigned by-the Revolutions, and parts of the Revolutions 
"of the'Screw. _ As.for inſtance, If I find that 1600 Revoluti- 
ons and [912 make a Quadrant, then 171788 Revolutions make 
2; Degree! and [296 Milleſms of a Revolution make a Minute, 
and,abqut 5 Milleſms make a Second, thence *twill be eafie to 
find; (-if you obſerve ) an Angle to contain 2941358, that is, 
294 Revolutions, and 358 Milleſms of a Revolution, that the 
Content of that ;Angle, in Degrees , Minutes and Seconds, 
is 16 Degrees, 32, Minutes, and-4 7.Seconds, which is plain 
enough, and much leſs ſubje& ro miſtake, then the common 
way made uſe of, I ſhall therefore proceed to K 
The third particular, wherein this Inſtrument excels all o- 
thers,and that,is, That oneObſervator with a ſingle glance of his 
eye,at. the ſame moment doth diſtinGly ſee, that both theSights of 
the Inſtrament are-exacRt]y direced.to the deſired Points of the 
two Qbjeds, .and this, though they, be removed by never ſo 
great an Anglez, nay, though they are oppoſite to. each other 
direaly; in. a;Line, . This, I queſtion not, will by all that 
know .a0y-,thing of Inſtruments, or celeſtial Obſervations; 
be accounted oneof. the greateſt helps to: ſuch Qbſervyations, 
that:was ever found out., For whereas other Inſtrumentsre- 
quire two Obſervators, for taking a Diſtance in the Heavens, . 
and Ticho generally made uſe of four, amongſt which there 
was neceſſary ſo unanimous a concurreyce in their readineſs and 
certainty, that the failure of any one ſpoyl'd all the reſt, and 
made the Obſervation become: uncertain and of no uſe ; and 
ſuch Inſtruments as were contrived for one Obſervator, were 
accompany 'd with ſ6 great difficulty, . in the adjuſting to both 
the Obje&s,. being both ina continual and ſwift motion, and 
but one to be ſeen at once, that they were generally left off and 
diſ-uſed, there being ſo vaſt a trouble and fatigue of looking 
now. upon one,/"then upon another, by many repeated tryals, 
and ſo many. new ſettings of the Inſtrument to the Obje&s in 


motion , before the Sights -could be. adjuſted, . beſides the- 
great - 
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_ 3preat uncertainty at the beſt, of ſeveral -Minites of the truth 
fnthis way, the Obfervaror has no farchercrouble, 'then firſt, 
ro ſer the Plain of rhe Quadrant in [the Plain of the' Obje&s, 
and by the Screw to moye 'the arm of his Inftrtment, -eilt he 
perceive both the ObjeQs to toucheach other, inthoſe Points 
he would meaſure the Diftance between. That this is ſo, he 
will eafily perceive, when he underſtands the method 'of ſo 
adapting.two Teleſcopes, that by looking in'at one ſmall hole 
inthe fide of one' of them, he'will be able'to ſee both thoſe 
- Objeds diſtinaly ro which they are dire&ed ; how nivch 
ſoever ſeparated. The way then of doing it is in/ſhort 
this;**- = EE Ste Fo poor MUD Tl 2 ho. 5 
Joyn them together at one'end, 'Þy a hollow Joynt thatthas 
a'hole through ic, about'z of the hollow of the Tabes; prepare 
two ſquare Tubes of Wood, Braſs, Iron;' &+, of what lerigth 
you pleaſe, and dire&ly againſt the Center of this hoſe in the 
| Joynt, make a ſmall hole, about che bigneſsof the blackeſt 
Partor pupil of theeye, ſq as the eye looking inat” that: Hole; 
may ſee perpendicnlarly into the lower Tibe;' then obliquely 
place two pieces of refle&ing Meral, ' very welland truely po- 
liſh, ſv as to refle& the Ax1s of both thoſe Tubes, perpendi- 
cular. or at right Angles, ' which' is by fixing the Plain of the 
Plares,” inclined to the ſaid Axis, inan Angle of 45 Degrees, 
lettheupper reflex Plate reach from-the upperiſide of the Tube, 
ſofow as to touch the Axis or middle of the Tube, and let the 
lower extend over the whole Tube, from thetop to the bot- 
tom, and from one\(ide to'the other. Theſe will-be knowntto 
be- duely placed, iflooking in at the finall-hole apainſt-the 
Center of 'the Joynt, the'two round holes'of 'the'Tube'do ap- 
pear to the eye to coalleſce into dhe; 'atid thee the eye Tees: di- 
. realy throngh' the lengths 'of them'both-altke; Then into 
theſe Tnbes fit two Teleſcopes, with Convex Eye-Glaſles, ' and 
crofs Threads for Sights in their Foct, that they may be both | 
of them af due diſtance from'the eye; lookitig in at-the fide- 
hofe, then opening thoſe Tnbes upon'the fatd Joynt-to any 
Angle; and looking in at the ſide hole, 3964! fhall plainly di- 
ſtinguiſh atonce both the Objedts, that” ave brdtight into the 
Tobes dire@ly, and refle&ed up to the eye,' 2 
'That this may be the plainer underflood, T:ſhall add a De- 
lineation thereof i» pleno. Wh 4 Let 
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:Letia'a'b b inther2th.! Figure repreſent the upper Tubs:*: 
and c'@)0e:the! lower Tube; and Ter:d d:repreſent char: par£; 
of. the Joynt, which belongs:no:thefower Tube; 'at one-end, | 
by which-they are joyn'd together;''and:can;be' open'd inche- 
manaerof a'Sector. Let. i: repreſent: the hollow or center of 
this Joynt, which cotymunicates the Cavities of the two Tubes. 
Ler ee repreſent that parc of theiſaid Joynt which: belongs to 
the upper Tube, being only a hole:through:the lower fide, 
bigenolgh toincompaſs the Cylinder' d d of the lower Tube; 
and ler rr repreſent a Plate ſcrew'd' or pinn'd on, ro- keep 
the parts of the Joynt together inſtead of rivettipg. - Let s re- 
preſent the hole in the fide, '/by which the:Eye: h ts to look in, 
- and f the reflex Mettal in the upper Tube, reaching only' half 
way the-Tube;! and gg the reflex;Mettal: ii the. under Tube, 
reaching over the whole Cavity z/ then will n o;and p repre- 
ſent the Eye-Glaſs, Sight-Threads; and QbjeG-Glaſs of the 
upper Tube, and k'1. and m the ſame partsin:the lower, and 
whatever Angle the Tubes make to each other, whilſt they, 
open-upor: the before-mention'd Joynt,; the-Eye h-looking in 
at 's, will ſee dire&ly by-the Axis of -them both, and ſee the- 
Sight-Threads diſtinatly croſſing the Points of the Objeas, 
whoſe Diſtancesare to be meaſured, © *_ | 
- Theſe being thus:explain'd, I ſtppoſe, it will .be no difi- 
cult matter:for any man-to conceive,..how theſe may be apply'd 
to the above-deſcribed Quadrant'z for-/tis but-ſuppoſing c c, 
the upper ſide of the under Tube inthis Figure, to repreſent 
a Þ aP, the fixt fidearmof the Quadrant, and d d the Joynt of 
.this, to repreſent d. d- the Joynt ofthe Quadrant, and þ b the 
under: fide of the upper Tube; 'to repreſen”. c:cc the move- 
able arm of: the Quadrant; and applying two. Fubes to theſe 
parts, and- fitting theni' with refle&ing Plates, Eye-Glaſles, 
Sight-Threads, .and OQbje&-Glafles , 'at due: Diſtances., the 
whole will be performed.:; ; fu +: oe, 
Theſe Tubes thus fitted, will ſerve to take any Angle. leſs 
theta Quadrant,' to;what exaGneſs i; defired, / but for bigger 
Avgles,- the Contrivance muſt be ſomewhat varied,” the De- 
ſcription of which I ſhal! now add, | 


::; Leteither of the two Tubes for the Sights, be wade of dou- 


Þle;the length of. the other: that is;- letit be as long behind the 
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(3) 
Conte as before it, and wakeqt RefleeGlaſs, that it may 
be turned;round;:andrifledt the Ray erafily/ backwards, as 

| beforexrdid forward: thenfixinta;tbis. then half of the Tube - 
a TeleſcoperSight; -inalkchings tied, adjuſted, -and like the 
other two, then adjuſdthem; ithat they-may loak forwards and 
backwards in the fame-like,!: which being done, the Reader 
will eafily underiftand, how! any Angle way. be taken; Even tO. 
the extent'of tworight:onek2! For 'tis plainicnough, that the | 
two! Tubes T firſt 'defcribed, apply'd to the Quadrarfe will | 
meaſure any Angte'ta a Quadrant or right Angle ; and *cwill 
beaseafie to underſtand; how by the helpofthe Reverſe-Tube, 
any hw, humor gen.cem and two right Angles on th be 
1hea ("?ITOL 47 If ' fri f: 

\ To make this/a lictle dat rockt Reader; let 'ccccc in 
the x2th.' Pipure 'repreſent/ the under Tube: or fixed Sight, 
s the hole or Ee cells "t r a round piece carrying the” reflex 
Mettal'g | z this is wade 20 turnround;and the refle&ing Metal 
& Þ' being 'fixedes- n-withir the Tubbe!, -is carried round 
alſo) witty it Let's 1/3! reprefenc” the Ray paſſing -- 

1 _ forwards b er the Bye-Ghafy; - 'Thread-Sight, "and Obje&-Glaſs3 $ | « 
| then this round'/piece tr being turned and made tr, as.in the 


. 13th. Figure, is repreſented, and with. irthe refleing Mettal 
of £4 here mat rked q q/beipg urged alſo:>the Line-$.qk 1m y 
will vepreſtne the lay refleted, and paſling backwards by the 
ie rem fs Pyc-Glafs: k,' Thread Sght h and Objed- 
Gfaſs j WHT 90; 

"Tic neaſureof the A Angleis'found by cho fame Apparatus or 
Sbfew-Plats; - for agmuch'iavtheSctrew-Place wonld ſhew the 

| A oye ilefy Hen'a Quadtarit, if theifore>part of: the Twbe were 
© A the Atgle moretthehs a Quadrant,” if the 

Sort ck Part -Tube'beuſed i: and rhe fame reaſon 
of 'th6acourateneſs ated certainty for the one, i1#po0d for the 
other, without being ; pearn any ns oa no_on orJn- 
 EOAV 1p 2387 O07 IV191 197 69310 2p} 
Ky rotblagyer rnd nowionly' toſhew, Fiſts; How: uheſd 
Fd Pe#ſpefive ov Feteſcope Sights, placed within the fawe 
Tube, may be made to look ey forwards.or backwards in 
the fame£ine.” - And ſecondly, :How they thall bradjuſted to 

Ue Teleſcipe, ſice UPIn th + FRIOVeSIW Gat of I 
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abide the Divi lebeging; and-whers th 

are bpe'dto' +'Quadrant - wy l& or 9s Degries:;/ ey 
anleſs thefebe An. andfixt wi great a meaſure'of 'ac- 
curatenefs, as the contrivance of the Screw'is capable of divi- 
ding, -or'the Telfcope-Sights atecapable'of diſtitigviſhing, or 
the Perpendicularity aſcertain'd, all the pains, cars,”ifs 
dyfiey, © ati! tiribiiry, 'beftow 'd abour WE Geer)! arebf no 


Firſt then, For Kiking! the Thread's Sights of he two Telef: - 
Ccopes within the fame Tube, 'ſ6/as to'look direQly forward 
and backwards, care muſt be'taken,' that every one dF che four 
Glaſſes, that' is tofay, the twb Obje&-Glafles, © vd- the" tw'o 
Eye-Glafſes;' hnr(ſt' be ſo Readily' and Reorely' fixe into-the 
Tube, that they cannot by any'i means be ſtirr'd'or removed ; 
the manner of 'Y6ihg which, T ſippoſe, ''fo exceeding eafie, 

that [ need notſpend rme in deſcribing i way'to/dbIe. Nexe, 
Sufficient care maſt Be taken of 'the ſtiffneſs '&F ths Tubes, that 
theymay not warp o=-bend. - Thirdly: Ott dF the Thread- 
-Sights myſtbe fixt 2s firtnly'and ſecurely as theGlaſſes, and ſo, 
that the croſſing of the Threads may be, as neat as' poſſible, in 
the Axisof the Qbje& and Eye'Glafs, the other Thread-Sight 
irift5e lf frew)leH7 By fevers! tryals it be-fotthd to ſand ex 
BL in the fine The avich the-firll'; "the! manner of "doing 
Meb, Tihall now deferibe,' ? gBLt ao4 
-, There being' two Threads which 'crofs each Sthee, hs one 
Perpendicular avid the” _ Horizontal,! exre'mnaſt be”raken, 
antopthet yeekaRly inthe fans Lines vnerehe Hotter: 
rand Perpenidtedar Fhrends Hy the ocher"Sigies'; ahd'fn 
arder thefednto, there _— "ouy SBA fepre- 
fented'in $622 fark - ” of the 29,'Plate, "of thi þ big- 


neſs of 'the, hollow : jon. have" groves made 
in che Tube fit” CO hen" re ok by thehelp ' 

of Screws be1 BID dE ag there is 
occaſion, ' for theit Gly! * : Way yeſ9 doſe 
thpether, thar't pun br a Moi ; 
They muſt croſs" « —wpx' in tg Fotus\ yf of ho Obj arid 'E 
Glafs: "One of theſe ng Wiaft®t fotar 
Fhrea@, aid by #8crtw thi a = Re: oft 
able to the right br Iefe ide) «it 


Trice 


Eh oe BE of 


(ho } 
Eratye muſt:-carr wlbemale roſs by, aScrew in 
thetopof greg cor ils the Tube, 
as there ig need. - -The M Ewhich is fo cafie, 


that;, I; hope;, ,T. inced- not: _ | fe ip, the further De- 
es theſag bur refer-the Renger 0 pane 29 an 381 Fi- 


ik Atlg Is. Dnis: 


dF a an ta np Que © by, the Ng of the 
1 any eo _ mYkE, aſp Poms 0a Barger that 


"FTE 


fixt Threads, tothe pony he ng = et pores Fe _ 
able Threads,,.find out the other; Point, which yon will be ſure 
to ſee within the compaſs of your: EyerG 6  obſe erve how 
x: the croſs Threads are now; remand fro ither North- 
-wards or Sauthyards, - » HAT maj Jowny Ps;.45.NCar 
as you can, by your judgement halfthat Nitſerence xe-1apd Þy-t te 
Screws move the Frames,; that PIP Threads Way. 11 and 1 in n_ 
middle between the two-Points; then take BEE: i of the 
| Paige ſheynks: the. Threads, and turns. 7 POOL. Fo 
jvimeR,}til} you ng 


ever SS jag 
and f foru wotlot: 


i 


hes, 
then Tho 


'T, 


the firſt view, z. "then keeping fhe, middle 
fe k e ſame Po ink..l, rn,: ce cn dof 
ani the pd Fr tomrards. the 
terg;Objod. £, aud and finding the 


| del other 


C 6r ) 
other Trbs' 0 dire& row t& the Point+p, andnot to w, di- 
vide the Diſtance betweeft the Point w, and the Point Pz as 
exXaQly as you'can, 5in half, *whichif- you chance to hit exactly 
at firſt, '5it'will be the middle Point m, but if you do not, buc 
you re&rfie it onlyto r, thetiby the next turningof your Tube 
you will find s, where you-tyuſt again reQifie to half the DIF- 
ference between -s and r';-now the Difference being grown 
yet leſs,” you willa 3di:or 4th. time ſer it ſo exa@ly, as toſee 
he Points m and e, which. Je in the ftraight Line with the 
Center of thedouble Tube.” - | * 

1 The4th: thing wherein this Quadrant exceeds the Common, 
is for its accurateneſsFor taking Altitudes; and this is done by 
the hetp: of a Water-Level; foradjuſting the exa& Per pendi- 
cularity thereofi. This Level may be made and fixed ſo exact- 
ly, that'any Obſervator way be ſure of the Level of his Inſtru- 
ment to a Second oy two.: - The Level it ſelf is nothing but a 
ſhort Tube of: Glaſs,” about's'or-8'inches long, Hermerically 
ſealedat each end, and filled with a Liquor that will not freeze 
' nor grow foul with ſtandi ng. 

\ The Glaſs, as near as can be ootten, ſhould be Cylindrical 
and, ſtraight,” it' being the better the nearer it be to a ſtraight, 
provided-ithavea fenſible bending or: ſwelling in the middle, 
the gibbous part of ' which ſhould be -ſet upwards, and a pro- 

per Cell and Box made for/it of Braſs. | 

This Glefs is- to: be filled almoſt full of diſtill'd Water, to 

which about a:3d. part of good Aqua-fortis or ſpirit of Niter 
harh'been pug;? co'keep the-ſaime from freezing, and alſo from 
growing faul,! then carefully ſcaled up Hermetically, and p'a- 
cedin'its/Box of 'Brafs, *and with hard Cement fixed into che 
ſame, which by Screws is fixed to that fide of the Quadranr, 
that is'tolye Horizontal]. v 
-...\The-BraſsBox being chuofixed to the right fide of the long 
-fixe Tabe aP22p 'aP, and underneath the Quadrant, ſo as not 
"to hinder the free movement of thearm c c c,'as at x'& ; the 
_ -nextthingrobe done, is by it to' ſet the Cm wuly Hori- 
zontal, which is thus performed. | 
nr | Setting thei ſide ap ap a p Horizontal, and the Limb of 
the! Quadrant upwards, and looking-in at the:'Center, take 
notice of two QbjeRs in the Horizon oppofite'to each: _—_ 
| ob ry 


| C63) 

obſerve the limits 0f 4h ;bybble of; Air:on.the.top of: their, 
quor;; on each-fide-of the:middle, of the.Leyeh, ;and wake-a. 
mark, .then turning the ends:of the Quadrant, -ſetie, till: the 
ends of the bubble ſtand ..as in the. former Obſervation ;i;then 
look againat thoſe ObjeRts, in the/Horizony and find what che 
difference is between theſe. oppoſite Qbjes, and thoſe in the 
former Obſeryation #then halve the difference between them as 
near as. you 'can, and by your eye ſet-the Sights to the middle - 
betweentthem, by_ inclining the Quadrant, then by the Screw 
that reGifies the Level, ſet tht Glaſs-Level-ſo;: that. the ends of 
_ the bubble may, be equally diftant' from themiddle,; and con- 
- vext-the Quadrant again, and ſee if the-ends-:of the bubble 

Randing at the ſamemarks, ;the (wo oppoſite Teleſeope-Sights 
do ſee.the ſame Qbjecs, for.if ſo, youareaſſhred-of the per- 
fe& Horizonality of the Sights,, upon the fixt arm of ap ap ; 
but if. you de not find yit; $0; direc; tothe fame Qbjefs, 
continue examining and: conyerting; : tith-you find. it -per- - 


[1 


Rs {OOH DDE SCOHDGULS.CIPT D331 2-11 5169 [344 R930 
Now this way of Perpendicular being ſubje&& £0: the incon- 
venience of; heat andicold,: which doth rarifie and condenſe the 
Liquor, :and conſequently! make the bubble; :;of: Air. leſb or 
more, care anult be taken. romark all the varieties-of chaſe 
kinds of the-bubhile, thavare cauſed/by thedegraes of heas and 
cold, which you may thuseafWy.effe@® «i: rn prod thy (12 rac; 
Reduce the-Liguor inthe Tube'of the 244h.- Figure, by the 
help of Ice:andSalt, toag-great adegree; of cold ag yourcan, 
then by! the method: pewly- dinghed;: ſer, the Quaglrant Hori- 
zontal, :and mank-4he&rwo endspfthebubble wichge;theaby 
genely applying hea to 4he! ambient Airowarnnlkewiſe the 
Water, and/ obſcyve the expaniian thereof-atbethr its ends, 
and mark them on the Glaſs with thepeint-ofi/aDiamani,'2s 
33« 22. 11, 0 0, Which: being done, ; ig ill be@recedingeaſic 
_ at:any time, t9;.adjuft the Quadramito any accurate defi- - 
red, by:being careful ao ſees thettheayorredl off thebabbie 
be profpantiondbly rxeended,; 88 49 & qondb 2203 gags Or. 
or to any intermediate ſpaces: ::;;: "2124 2utTe: raider ,£les © 
. The Gontrivance of faſter me Penner a the 
Quadrantopether Inſtrument, ' w1 raſthy:yhdefR odd, 
by the Deligeation:thereaf in the 24thi Figuet© 047 30:05 "9 | 
| | et 


(Go) _ 
\Let-aaa4 repreſent the Frame or Plate of Braſs, which 
by  four::Serews d ddd, :ts;fixedto the Tube, as before. 
_ This Plate: hath-4upright Cheeks, þ b, c c, between which 
the Brafs Box:1e & ee, (into: which the Cylindrical Glaſs-Le- 
vel ff,” is fixed with hacd Cement) is held ſteady, without _ 
any manner of ſhaking. This Braſs Box, at the end of it near 
_ the right hand, hath:2 Pevots, which are fitted exaGily into 
2 ſihall-hotes in the Cheeks © c, and at. the other end next the 
left hand, hath a ſmall Serew-Pin'g, which holds it down faſt 
to the botton? Plate, and keeps ir from riſfingout from between 
, the Cheeks b b, which a very tirong Spring lying underneath 
it, berween-the Plate aay-and the Box ee, would otherwiſe 
force it ro:do,. By this Screw the Level is to be adjuſted to 
the Sights of the Quadrant,. by the way I juſt now deſctibed, 
and being once thus adjuſted and fixed, *cis not eaſily put out 
of order, withour:moving or altering the-Screw g, which 
may eaftly he prevented by roo Contrivances. ; 
© -. TheReaſonof theaccurateneſs of this kind of Level, will 
be eaſtly diſcover'd,” if we conſider, that the upper part of the 
Tube-being very 'near to a ſtraight Line, is conſequently ei- 
ther apartof a Circleof a very great Radius, or of ſome ir- 
regular Curve, ':very near of the ſame nature witha Circle, as 
to this buſineſs'off Levelling, and conſequently a Degree of the 
ſame wilt be proportionably large, and the flexure of the Tube 
may be made of a Curve' of ſo large a Radius, that every. Se- 
cond of Inclination may cauſeachange in the Level of a'very 
ſenſible length; -- | | ; 
This'can hardly be. performed by the ordinary way of 
Plumbers, without hanging from a vaſt height, which is not 
practicably tobe performed, without almoſt infinite trouble, 
expence and difficulty, and when done, can be of no uſe in 
the Wortd, ' as any one wilt grant, that conſiders the vaſt Appa- 
rats that'is/ requiſite to- obviate the great unſteadineſs of 
Buildings, the motion of the'Air, and amulvitude of other in- 
. eliabraicen”t 2070 P05 cir ro hs. - | ; 
{Now the Curvature this way made may be 2 portion of a 
Sphere of 1000 foot Radius, or more, if it be deſired, and 
conſequently a Minute of the ſame will not be leſs then -22 of 
afoot; and every Second will be almoſt half a'Centeſin of a 
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f:ot, which is ſufficiently diſtinguiſhable to the naked e ye. 
So if the Glaſs Cylinder be'9-inches long, | it may contain two 
whole Minutes of ſuch a Circle between f.and/f; -and;one be- 
tween 4 and 4, and conſequently the ſaid Glaſs:may be ſer;Hgo- 
rizontal to the. certainty of. a Second, which is hardly to be 
aſcertain'd any other way. *  - 281! 64 

- Bur there remains yet -one-great Difficulty, how to þe able 
to make ſuch a Curviture,' for though'the thing be true.in the- 
ory, yet isit-not without ſome trouble, put inpraftice,.. Ve- 
ry few Glaſs Canes are ſo conveniently bent, 'as is deſirable, 
and tis as difficult to find them true ſtraight. | 
_ Toprevent this, If Glaſs Canes be uſed, there nwſt be much 
. care-raken, and many tryals made, forthe finding what pieces, ' 
and what fideof thoſe pieces will be moſt fit for-this purpoſe, 
for our Glaſs-Houſe Workmen know not yet a way, . certainly 
to draw themof this br that curviture or{traightneſs, -nor are 
they eaſily ground intoa ſtraightneſs or curviture by the Glaſs- 
grinder afterwards, though that; can be-done with lome-trou- 
| ble. | Bur diligence and tryal-will quickly find fawe piece or 
other , that will be ſufficiently exa&; for any-tryal, among 
thoſe which are only drawn at the Glaſs-Houſe, . I m_— of 
one of another form, ſuch as is deſcribed. inthe. 25th, Figure, 
which I found to-do exceeding well, ithe dark part;repreſent- 
ing the Water, and-the lighter part the;Air.;-; This was.made, 
of two Glafſes, drawn' in: diſtin& Pipes at the Glaſs-Houſe, 
but joyn'd together in the Lamp, and ;the upper part; of the 
| larger or under Tube, was incurvated with its. convexity 
downwards, ſo thatithe Water-touched-the middle;pars; and 
the bubbles of Air at each; end thereof, . coymunicated' toge- 
ther by.-the ſinall Pipe above. - I tryedalſo another way; by 
which I was more cerrain of the truth of the;Curyicy, and 
cuuld make the Curvity-of a greater Circle;- This 'was' by a 
long piece of 'a Looking-Glaſs-Plate,-ground very; ſingeth and 
poliſhed, - whichbÞy the helpof Screws I beat-upon the, circu- 
lar edges of a braſs priſinatical Box, and cemented.,the ſame . 
very-tight,. with. hard, and ſoft Cenxent 31thisÞ/a7e. had a hol- 
low Channel ground init the length/thereof;; which ſerv'd ito 
keep the bubble in. the middle. : - By this means, *cis-not,difhi-. 
.cu't tobend ſuch a Plate, into the Curyiture-of a;Cirele of-50, 

| " 60, 


/ 
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60, roo, 1000 foot Radius, and the Braſs Box can eaſily be 
made-to fi! or empty, as there ſhall be occaſion for the uſe 
chereof, . fo that the Bubble may be at any time left, of what 
' bigneſs ſhall be deſired. - It will be convenient alſo to varniſh 
. the in-fide of this Braſs Box with Lacker-Varniſh, very thick 
and cloſe, both to keep it from ruſting, and alſato preſerve ir 
from being corroded by Aqua-fortis, whenſoever there ſhall 
be occaſion to-put it in, for the cleanſmg the inward tarniſh 
and foulnefs of the Glaſs-Plate, This Curvity of the upper 
fideof the Level may be made, by grinding the underſide of 
ſuch a long Plate of Looking Glaſs, upon a Convex Glaſs-Tool 
of 50, 60, 100, 1000 foot Radius, atid poliſhing the ſame ac- 
cordingly of that Figure : The Curvity of the ſaid Plate isex- 
preſs'd in the 26th. Figure. Now what by this way may be 
done with Water and Bubbles of Air, the ſame may be donz 
with the ſame Glaſſes curned upſide-down, -by the help of an 
exatly round and poliſht Cylinder or Globule of Glaſs, Chry- 
ſtal, Cornelian, Agate; or other exceedingly hard and cloſe 
Stone, after the manner repreſented in the 27th. F.;gure, for 
the Ball or Cylinder will naturally ro!] ro the loweſt part of 
the Concavity, and there ſtand. Burt in the doing of this,great 
care muſt be taken, that the Globule be exaQy roundand po- 
liſhr, and that the Concavity of the Plate be as ſmooth and well 
p0iſht, and that they be both very clean and free fron duſt, 
otherwiſe the Cylinder or Globule will be apt-to ſtand in 2 
place where it ſhould not, and conſequently produce confide- 
rab'e errors. .-þ' |» | ; 51 $0 ET 

| And here I cannot omit to take notice of a very curious Le- 
vel, invented by Sr. Chr. Wren, for the raking the Horizon 
every way Ia a Circle. Which is done by a large Coneave, 
ground and poliſht on a very large Sphere, andthe Limb of ir 
ground and poliſht on a flat, for by placing the fame Horizon- 
tal, andreQifying itby a ſinall quantity of Quick-filver, pour- 


ed into the Concavity thereof, *twill be eafie,: by looking by | 


the flat poliſht Limb, to diſcover the true Horizon, The on!y * 
inconvenience I find in it 15,that the 7 hath ſome kind of ſtick- 
ing to the Glaſs, but a ſinall Chryſtal Bow!, I ſuppoſe, may re- 
medy that inconvenience, and make it fit for uſe, | 

The 5th. thing wherein this Inſtrument is made to excel! 
| Qthers., 
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others, is in its caſineſſesto;be adjuſted to the ObjeQs, and in 
this, that being once adjuſted, the whole Inſtrument is ſo or- 
derd, as rhatiit will remain conſtant to thoſe Objes, though 
| theyaremoved. The want of this is ſo greatan inconvenience, 
in all other Inſtruments hitherto made uſe of, that almoſt all. 
Obſervations have been thereby vitiated, . And Hevelixs, to 
prevent and obviate this, hath found our many Contrivances, 
but they are ſuch, as though they do it in part, yet 'tis but in 
part, and that with much trouble and inconvenience, I need 
mot ſpend time to ſhew, how many inconveniences his-way by 
4 ſeveral Hand-Screws, to be managed by 2 Obſervacors at the 
leaſt, is ſubje& toz. they are indeed ſo many and ſo great, that 
it was not without very good reaſon, thathe ſo often appeals 
- to experience, far the truth is, there was great need of long 
praGice and much experience, to beable to make an Obſerya- 
tion in that way well, the removal of every one of thoſe Screws, 
having an influence upon every one of the other, ſo as no Screw 
could be turn'd, but the whole Inſtrument was. put out of its 
due ficuation, and both the ObjeAs being continually in moti- 
on,the wholeInſtrument was to be reQifi'd every moment, There 
was therefore neceſſary ſo great a judgement and dexterity, to 
manage"every one of thoſe Screys, that without an-acquired 
habitude and handineſs by long pracice and experience, no+- 
thingcould be done toany certainty, nay, not even to that lit- 
tle accurateneſs that the common Sights are able to reach. Bur 
this, though it were a very great unhappineſs to Heve/i#s, that 
he was not furniſhed with better Contriyances, yet It no ways 
tends to his diſpraiſe, tor his moſt extraordinary and indefa- 
tigable care, pains and induſtry, is ſo much the more to be ad» 
mired, eſteem'd and honour'd, and will be ſo much the more, 
by ſuchas have by experience found the difficu.ty, of waking 

any one Obſervation certain in that way, _ TE TI 

But that be or any other, that hath a mind to make further 
Tryals and Obſervations, may be freed from this intoilerable 
trouble and difficulty, . I have thought of this following-Inſtru- 
ment, by means whereof the Quadrant being once adjuſted, 
and fet to the Objects, will continue 'to þe ſo, for as long a 
time as ſhall be deſired, without at all requiring.the he}p. of 
any ane hand of the Obſeryator, though he be but one, 
RW | | My 
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My way then in ſhort is this : I makean Axis of very dry 
andſtrong Dram-Fir, of a bigneſs thick enough for its length, 
to defend it from bending ; at the lower end of this, I fix into 
the middleofit, (well bound and hoop'd about with Iron )) a 
Center or Point of Steel, very well turn'd, hardned and ſharp, 
which is to move ina conical hole fit to receive it, of as good 
and well hardned Steel ; at the other end of this Rod,] fix ano- 
ther piece of Steel into the middle thereof, that, immediately 
contiguous to the Wood, hath a Neck very well turn'd and 
| hardned, alittle tapering from the Wood outward, which is 
robe moved ina Collar fit for it,as I ſhall ſhew by and by; and 
at a convenient Diſtance from the ſaid Neck, as at ſomewhat 
more then half che Radius of the Inſtrument; is made a Cylin- 
drical Neck, fitted with a Collarof Braſs, with a Joynt, and 
other Apparatus, large enough to carry the Table and Inſtru- 
ment firm and true, without ſliding or yielding in its Socket, 
after itbeonce ſet, This Axis by the Collar and conical hole 
below, I place parallel to the Axis, which by ſome tryals is ea- 
fily enough adjuſted z about the Cylindrical Neck, at the up- 
perend of this Axis, is a Socket of Braſs faſtned with a Screw, 
which Socket claſpeth ina Joynt, aſhort Arm, which hath at 
one end a Ball thar 1s fitted into a Socket, that is fixed under 
the Table and Frame of the Quadrant, and at the other end a 
Counterpoiſe of Lead, to ballance the weight of the whole Ap- 
paratus, about the Quadrant, upoa the middle Line of the 
long Axis, then the Table and Quadranc is re&ifi'd, ſo as to 
lye in the Plain of the two celeſtial Obje&s, whether Planets 
or fixt-Scars, and by the ſmall Screws in the Sockets it is fixt in 
that Plain. What further adjuſting is requiſite, is done by 
the help of ſmall Screws in the Quadrant it ſelf, which are eaſi- 
ly enough conceiv'd without Deſcription, The Table being 
adjuſted tothe Plain of che Objeds, with the Quadrant on it, 
and all counterpois'd:pretty near by the poiſes underneath 
the Table, and the fixed Sight directed to one of theſaid Ob- 
jedgs, the ſaid Table and Inſtrument continues to be in that 
Plain, ſo long as is defired, without any farther troubie to the 
Obſerver, though the ObjeQs continually change + heir places, 
and the fixt Sight remains direGed at one of the Object, till 
the other can be found by the moveable Sight. To effe& which 

| I 2 motion 
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motion ofthe Tableand Inftrument, a' Watch: work is fitted to | 
the Axis, 'ſoas to make it moverounctin thefame time, witha . 
diurnalrevolution of the Earth, and conſequently to keep even 
pace with'the ſeeming motion of : the fixt Stars ; the manner of 
doing which is thus : Abour ſowe-part of the Axis, where 'cis 
' moſt convenient for:the Room in which *tis tobe uſed, fix an 
Odant ofa Wheel of foot Radius, let theRinof this be turn'd 
rrue-to the Centers of the Axis, and cut the edge thereof into 
260 Teeth, there being fo many half winnres of an hour in the 
'Sth. pert of a whole Revolution, though theſe minutes and 
hours which reſpe@ the fixt Stars, will be conſiderably ſhore- 
er then the ſolar hovrs ; then fit a Worm or Screw to theſe 
Teeth, that one revolution-of 'the Wormm being made in, a mi- 
nute may move one Tooth forward ; the revolution of the 
Worm is adjuſted by a circular. Pendulum, which is carried 
round by a Flie, moved-in the form of a.one wheel'd Jack, 
from a ſaſh toothed Wheel, faſtned upon the ſhank of the 
Worm or Screw above-mention'd ; the weight that carrics 
round this Wheel muſt hang-upon the ſhank of the Worm, and 
muſt be of abouta 3d. 'or 4th. part of the weight-of the Qua- 
drantand Table, that it may carry it round ſteadily and ſtrong- 
ly ; and the-circular Pendulum-mult be fo order'd, that the Ob- 
ſervator may at anytime of his Obſervation either ſhorten or 
Produce the length'thereof, ſo as to make: it move quicker or 
flower, as there ſhall be occaſion, which is done, by fliding 
the hole upon which the Pendulum-makes its conical motion, a 
little higher or lower, without lifring up or letting down the 
Pendulum, orelſe by winding up the Thread of the-Penduluma 
lierlefhorter, -or letting it down a little longer, by the helpof 
a Cylinder, above the hole or apex of the Cone, in which the 
Pendulum is moved. | wy, 

This whole Contrivance will be ſomewhat better under- . 
Noodby'a Delineation. Let ab then inthe 15th.: Figure re- 
-preſene-the Axis of Fir or Iron, © the conical Point at the bot- 
tom, 'd theconical center or hole in whithit is'to:move, e:the 
"Collar above, in which the-taperiug Neck of theiron Far f' is 
to bemoved;' 'The Axis ofthis is to-be placed as exactly as 
may be, parallel tothe Axis of the Earch-: at the end or head - 

of the-Tron fe, is fitteda'Socket h h, with aScrew 4 which 
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wilkfixz:ittothe head in any: poſture. This Socket h hin the 
15-and'z6 Figures, hathia lacge Joynt to be ſtifined by a Screw 
5s. in which Joync 18 maoved a ftrong Bar of::lron, about 4 foot - 
in lengch, to wit, - 2 faot.oneach ide of the Joynt, the one end 
6 bathia large:'weight:or-counterpoiſeof Lead 8, which ſerveth 
ro counter-ballance the whove: weighrof the: Frame and lnſtru- 
ment upon. the other, and car be ſcrew'd' either nearer to or 
farther from the-Joynt, as there ſhall be occaſion for poiſing ; 
at the other end of the Iron is a large Ball of Iron 7, ro which 
is fitted alſo a Socket of Braſs 9, wich a Screw to fix it and 
move ir, a6 there ſhall be'occaſiog. . ThisSocket is faiined un- 
der the middle of a Table: 5s, upon the plain fide of which 
the Quadrant'iis to ye. .'Upon ſome convenient part of this 
Axis is fixed an Odtant or Sextant of a Circle, repreſented in 
the 15th. Figure edge-ways, and: in the 19th. Figure broad- 
ways, by 3 311i, whoſe circular edge 3 3 is cut into Teeth, as 
before is directed; unto theſe is adjuſted a Worm or Screw k, 
which is the Axis:or Arbor of the Wheel 1]1 ; this Wheel is 
moved round by the weight x, whoſe Line is coiled round the 
Barrel uu, and with 1t it turneth round the Flie nn, by the 
help of a Screw m, fixed upon the Arbor 00, in the manner 
of the Flie ofa one wheel'd Jack; this Flie moveth circularly 
the Pendulum Þ p, in the 15th. and 29th. Figures, which is 
ſhortned or lengthned, by flipping up and down the Cylin- 
_ der qq, the Thread of the Pendulum being faſtned at r. 
© T ſhallnotnow ſpend any more time in the Explication of 
the making oy'.contriving the circular Pendujuw, reſerving it 
for another opportunity and Diſcourſe, wherein I ſhall ſhew 
| ſeveral ufefu] Contrivances and Inventions about the ſawe, and 
particularly about this and ſome other Experiments of motion, 
which wasthe cauſe of the Invention thereof by me long ſince, 
- in the year 65. - Upon which occaſion, I cannot but take no- 
tice of a Publication, made by Chriftianus Hugenins Zuliche- 
wins Conſt. F, inhis Book-call'd;: Horologium Oſciflatorium five 
demotu Pendulum ad Horologia aptato demonſirationes Geome 
frice ; containing a ſhort Deſcriptionofa circylar Pendualum- 
with ſomewhat about the Explication of it, without: naming, . 
-me at all, as concern'd cherein,' though I invented it, and 
bronght it) into uſe in the year 7665, and in the year 1666, 1 
COiN® 
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communicated it tothe RayalSocjety; at their pablick-Meet- - 
16g3, bothas torche Theory and Praftick thereof, /and did more. 
particularly explain the Iſocrone motion: of the Ball of a Pen- 
datum, in a parabolical Superficies, and the Geometrical and 
Mechanical way of making the fame move in ſuch a Superficies, 
by the help of a Parabolocid, which I cauſed alſo tobe made 
and ſhew'd before the ſame Society, upon ſeveral days of their 
| publick Meeting, where beſides many of the Society, were 
divers ſtrangers of forreign parts. This many of the Royal So- 
ciety can bear me witneſs, and the publick Regiſters.thereof 
do teſtifie and makeappear, . and Iwas told by Sr. Robers Mo- 
ray, that he did then write-to Monſieur Zulichem concerning 
the ſame, -But of this more hereafter, - when ] examine ſome 
0: her things in that Book, about finding the deſcent of heavy 
Bodies, and of finding the Longitude of places, and publiſh 
ſome more certainand praficable ways of doing them. _ 

"This puts me in mind'of publiſhing an-Invention,. which I 
made and produced before the Royal Society, in the ſame 
year 1666, -much about the: ſame time-that I/produced the 
Theory and Experiment of the circular Pendulum compleat, 
whichT call'd the perfe&ionof -Wheel-work, as being indeed 
founded on a principle capable of the greateſt perfeion can 
be imagined, '+ It is inſhore, Firſt, : Tomake a piece of Wheel- 
work ſo, that both the Wheel and Pinnion;  rhoughof never ſo 
ſmall a ſize, ſhall have 'as greata number of Teeth as ſhall be 
deſired, and yet neither weaken'the Work, nor. make the Teeth 
ſo ſinall, as not to be'pra@icable by any:ordinary;Workman. 
Next, That the motion ſhall :be'ſo-equally communicated from 
the Wheel to the Pinnion, that: the Work: being well made, ' 
there can be no inequality off force or motionicommunicated. 
Thirdly, That the Point of touching and bearing, ſhall beal- 
ways. in the Line that joyns the a Centers together. ;Fourthly, 
That.it ſhall have no manner of rubÞþing, -vorbe more difficale 
to be made'then the common'way: of >Wheel-work,; ſave only 
that Workmen have not been accuſtamet:tommake ir. -: + 

Firſt then, If there be a certain number, and no more of 
Teeth required to be;made: in a ſmall Wheel, then, amſt the 
Wheel and Pinnion confiſt of ſeveral:-Plates or Wheels,;]ying 
ore beſides the other, : in the manner they appear: in ws 2oth. 
igure, 
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Figure. - Where ſyppofe.it. be required, that the Wheel ſhall 
have 1000/Teeth, and the Pinnion 100, and yet that the Teeth 
both of the Wheel and Pinnion have ſufficient ſtrength ; rake 
10 Plates all of equal bigneſsand thickneſs, and by 2 or more 
Screws fix them firmly together, as if one Wheel, cut this 
Wheel into 100 Teeth, and compleat ir, then fit the middle 
hole upon the round neck ofan Arbor, thenunſcrew the Plates, 
and place them in ſuch -order,, that. the Teeth may gradually 
follow each other, much, after the manner as.is expreft in the 
2oth..Figure, ( though it be there very ill expreſt, by reaſon 
of the miſtake and failure of the Graver ) and with ſuch ſteps, 
that che laſt Tooth of one Degree, may within one ſtep anſwer 
co the firſt Tooth of the next Degree. I call the ro.Teeth 
* comprehended within the lighter part, a b.cd, or efgh, or 
i klm, a Degree.of Teeth iti. ſteps, ;:and dc fe, or hg ki, 
are Degrees of Notches between the Teeth, and the Tooth b c, 
which is the laſt towards the right hand, ſhould have been pla- 
ced within one ſtep as low as e h, the firſt of the next Degres 
on the left ſide, (though it be much. otherwiſe here graven ) 
whence all the inequality in.the touching, bearing or rubbing, 
in a Wheel-work thus-well made, would be no more then what 
could be.between the 2 next Teeth in ene of the Degrees,which 
would be much Jeſs then a 10th. part, of what muſt neceffarily 
happen.in.a Wheel ofone Plate of 190 Teeth only. 
© Secondly,If it bedefired, that the'Wheel and Pinnion ſhould 
have. infinite. Teeth, all theends of the Teeth in the Degrees of 
the 2 oth. Figure, .muſt by a Diagonal ſlope be filed off, and re- 
duced to a.ſtraight, as in the 21, which may indeed be be! 
wade by one Plate of a convenient.thickneſs, which thicknef. 
muſt be more or leſs according-to the bigneſs of the ſloped 
Tooth. And this is to be always obſerved in the cutting there? 
of, ( though.it be otherwiſe and very falſly expreſt in the 2: 
Figure) that theend of one flope Tooth on the one ſide, be full. 
as forward as the beginning of the next Tooth on the other, 
that is, that theend. b c of one Toothon the right ſide, be {ul} 
as lowas e h, the beginning of the next Tooth on the lefc ſide, 
( though by the Gravers miſtake it-be: here quite- otherwiſe 
expreſt.) I ſhall not-ſpend more time in explicating the Pinni- 
ons, rstu, rstv, ofthe 20and 21. Figures, which are toan- 
| : | wer. 


Ez, BR 4, 23 

ſverthe Teeth of the Wheels; they being plaini enough tos 
perfor a lirtle'verſed in Mechanick  lebechif he fufthes 
and more full'Explication'sf the form and reaſon of this and 
ocher Wheebwofk; is comprifed in another Diſcourſe, which 
1 may afterwards publiſh. ooo Fa8y > 
© Pit to proceed! whereT left at this Digrefſion, to the finiſh- 
1ng of the Defcrrption of the Inftrument for moving the Qua- 
'drant,* fo as alway to reſpe& the ObjeR. The” conical hole, 
In which'the end of the Axis is to move, [may be made after the 
form expreſſed 'in the 18th. Fipure, where aa a a 'repreſenrs 
an iron Frame ſcrew'd faſt to the Floor,b b b b theiron piece, 
_. containing the conical ſteel hole,*c cc c. 4 fong Screws, by 
which the piece is moved and fixedinaty partof the ſpace, in- 
cluded within the* Frame a aaa; this by a ſtrong fpringing 
Frame underneath; is kept'down cloſe to the Superficies of the 
Floor, andcannot in'any wiſe totter or ſhake. There is 110 
. great difficulty inthe Contriyance, and therefore I ſhall pro-_ 
Tnthe next place then, having ſhew'd the'way how to keep 
the Inſtrument, in thePlainof rwo Objeds that are toÞe ob- 
' ſerv'd, I ſhall ſhew, by what means a Quadrant way be kept 
always Perpendicular, and inthe Azimuth of the celeſtial Ob- 
jet, And this Ido, by a finall addition to the'former Con- 
rivance ; thar'is, E&%4b inthe 22 Figure,” repreſent the 
Axis deſctibed in rhe Frtier Contitvines accommodated 
with all the Conttivancesof the moveable Center below, of 
the C'ock-work of the circular Pendulum, to Keep it moving 
equally round in'thetnjddle, aod of the Collar e above. But 
unto'the ſinall Neck nf be Foy $7 feini eau piece of 
Tron c d, with a'Center-fole the arm af'& afd''d; 'to' res 
ceive the Pevots i i, bf the circtſdrpicce of Tron's, in" the 
22 and 23 Figures; upon thefecond Flogr o o, nwft be ſted- 
faſtly fixed a Bow,or Fratne of Tron hh,” which-milt-haye a 
hole through it; exa&ly over the mithſ6df the Phare"s; this is 
to bea Collar for the N EE 1Þ CI Ants 'Fk; 
which By ineans of a 'moveable Mer fixed" in the citting, in 
which-the Point ! toves, may beexatfly adjuſted to a Per- 
pendicularity ; to this Axis at right Angles is fixed\a Frame 
in in, ſteadfed by the Brakets ASD nn; nponithis Frame 
the 
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the:fixed Sights of the:Quadrant; are laid and adjaſted to an 
exaQ Horizomality, and the Plainofthe Quadrant being once . 
adjuſtedtothe Plainzof the celeſtial Qbje&,; will by the circu-, 
lar Peadulam moving the. Axis a b, in an<qual motion with 
that of the Obje& about the Axis of the Earth,' be always 
keptin'the Plain of the Qbje&, whoſe Azinuth and Alticude is 
to. be:'obſerved. Now the motion of the ugder'or.inclining 
Ax1s'a b,'is communicated to. the perpendicular Axis 1 k, 
by means: of the: circular Plate x, in the 22 and 23 Figures, 
for the ſemj=circular Arins ic d of the lower Axis, taking hold 
of the Points 11 of che Plate x, and the ſemi-circular Arms of 
 theupper Axis, taking hold of che Points 2 2 of the ſaid Plate, 
the perpendicular Axis is, moyed in a proportionate motion 
with:the inclining Axis ab, which Proportion is Geometri- 
cally-and ftrictly ſuch as it ought to be, to keep the Plain of 
the Quadrant exaGly in the Azimuth of the celeſtial Obje&, as 
y one Never ſo little verſed. in Geometry, will eaſily find ; 
and I ſhall hereafter more at large demonſtrace, when I come to 
* ſhew, what uſe | have made of. chis Joynt, for a univerſal [n- 
ſtrument for Dialling, for equalling of Time, for making the 
Hand of a Clock move in the Shadow of a Style, and for per- 
forming a multitude of other Mechanical Operations. 
- . Thenextching [have to explain; is the way of finding how 
many Revolutionsof the Screw, and what parts ofa Revoluti- 
on goto make a-right Angie, or 90 Degrees upon the Quadrant. 
For the doing of which, I muſt, ina place where I can havea 
good Proſped&for a ſemj-Circle, firſt dire& both the Sights of 
the Teleſcopes diredly at the ſame Qbjea, and the ſame Poinc 
thereof, anil thenrefifie the Indices to 0, or the beginning of 
. the Diviſions 3 +then I turathe Screw, till as near as I can mea- 
fure with Compaſſes, the moveable Teleſcope hath moved a 
Quadrant, and through the three Teleſcopes take notice of 
.three Points in the Horizon, that is to ſay, rwo Points exactly 
-oppoſite one:toanother, .inreſped of the Center of the Qua- 
drant, and!:athird: ipretty near che middle between them, in 
.the-ſame reſpe&,; which I further adjuſt thus ; I ſhew'd before 
how I re&ifi'd the fixed” Sights, ſodas to look exadly forwards 
,and/backwards,, whictrbeing accordingly done, I obſerve the 
- {wppoſed rightAngie, with.the morale Sight ontheQuad us 
oc! 4s ; : anc 
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lution. are-not exaAily.and Mathenmtically the fame pointed 
out by the Index, upona Ring equally divided, that aremade 
upon the Limb: of the Quadrant. - Bur yet, Iſay, they are 
ſenſibly equal even to theſenſe, aſſiſted by a 60 foot Teieſ- 
cope, and conſequently need no manner of re&ification ; but 
yet .if any one will be ſo curions and nice, he may make the 
Diviſions on the Index-Ring, according to the proportion of 
the Differences of the Tangents, that are ſubtended within 
half the compaſ: of the diſtance of the two next Threads. As 
ſuppoſe in the above-mention'd inſtance, half the Diſtance of 
two Threads be the Tangent of three Minutes, or thereabout ;_ 
if weexamine any large Table of Natural Tangents, we ſha'l 
find the Differences berween the Mimiites themſelves, even till - 
ſix Minutes, ( which is much more then double three ) doth 
not differ above one or two parts of a thouſand thouſand, 
which is 1900 times more nice, then our Sight, even with 
Glaſſes, cm artive to, much leſs then will-be the difference 
between the Differences of the Seconds ; and therefore it will 
be a niceneſs meerly notional, and of no uſe, and as ſuch, 
ought to be omitted, and the plain and equal Diviſions made 
uſe of, they being as to all ſenſe true and perfe&, and proper 
Diviſions, though as to curioſity of Theory and Calculation, 
unequal, | Re 

Now I have done, poſlibly ſome may ſay, To what pur- 
poſe all this curioſity ? To which I anſwer, That though poſ- 
fibly in wany common caſes *tis of but little value, yer I con- 
ceive in general, that it 1s of infinite value, to any that ſhall de- 
ſign to improve Gesgraphy, Aſtronomy, Navigation, Philoſo- 
phy, Phyſicks, &'c. And to inſtance in ſome particulars, I 
conceive, (6: | | 

Firſt, That one uſe of this Inſtrument, may be for taking 
the exact Refra@ion of the Air, from the Horizon to the Ze- 
nith ; by which we ſhall be able not only'ta reQifie all Ob- 
ſervations, and'clear them fromRefra&ions, which in ſame 
Obſervations, eſpecially thoſe of,'Parallax, is abſolutely ne- 
ceſſary, but it may give us anew means to judpe of the quali- 
ties and conſtitutions of. the Air, as tothe ſeaſons of the year, 
and the temperature of the weather, | which are to ſucceed. 
| For'tis moſt certain, that there 18 aspreat a yariety inthe re- 
K 2 ; fractive- 
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fragiveneſs of the Airz'asthere'is inthellicatand.cold, gravity 
-and levity,'\dryneſsand:moifture;; FaxefaGion.and condenſati- 
' onthereof, - arid ſometimes when roneof thoſe do ſeew.at all to 
be ſenſibly alter'd, its refraQiveneſs hath been very much va- 
ried, which change does; ſeem to proceed from ſome alterati- 
ons in the npper Regions thereof, far removed from the Super- 
 ficies of the Earth, and 1s fametimes many days in deſcending 
and fermenting, as it were-deeper and deeper, into the lower 
Regions of: the Air, before" it deſcend” ſo low as the bottom 
thereof next .the Earth, But of this much more in another 
place.: : Mp E oat Youu 4,5 Sis, 
A ſecond uſe is for regulating the places of the fixt Stars, . as 
to their Longitudes and Latitudes, and Diſtances from one ano- 
ther, eſpecially thoſe within the Zodiack, by which we ſhall 
in a ſhort time be able to judge, whether thoſe Bodies that we 
account ſo fixt and conſtant, do not vary their Poſitions one 
to another, whieh I have very good grounds to believe they 
do. \. BHNFS 14 508- Ts DT Ie vhs 
A third uſe of this Inſtrument, is for regulating the places 
of the Planets, by their; Appulſes to'thoſe fixt Stars, ſo that 
not only Aſtronomy will: be perfe&ed, but the Longitude of 
places: upon the.Earth, '( a thing ſo. highly advantageous for 
_ Trade and Navigation) will of conſequence follow, which 
without ſuch an Inſtrument as this, is in vain expeced from 
the Heavens. : | | % 
A fourth uſe of this may be for ſtating the exact Latitude of 
' . places to-a Second, - whereby we ſhall quickly know, whe- 
ther thoſe Laritudes: do vary, as. well as the variation-of the 
Loadſtone, : which hath been eonjeQur'd, not without ſome- 
what of probability, bur is hardly to be determined, without 
ſome ſuch accurate way. of Tryal, as this Inſtrument is capable 
of performing,” | | Celreedgt Ark 
-A fifthuſe of jit may be, for examining what ipfluence the 
- approach;or receſsof theother Planets have upon: the Earth, 
as to/ its/Periodical motion, and what influence the Earth hath 
upon them as to theirs; for I have good ground to t<lieve, 
_eachof: theſe to have influence-upon one another,: and co cauſe 
.fuch motions, as have, hitherto much confounded all Atrono- 
-wical Hypotheſes and Calculations :. Of which I iha:l ſay more 
--QN another occaſion. = A 
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A fixth uſe may be for meaſuring the quantity.of a-Degr 
upon the Earth ;;; the beſt Experiment of that kind, that is yet 
publick to:the:World, 1s that of Mr. Norwood, - made between 
London and York: But if we examine with what Inſtruments he 
made it, we ſhall find; thathe was not certain in either of his 
Latitudes to a Minute, and conſequently could not be certain 
of the quantity of the Earth, anſwering to his ſuppoſed mark 
to two miles, and conſcquem]y it could not be made the com- 
_. mon ſtandard of all meaſure. But by the.means of this Qua- 
drant, all Latitudes may be certainly taken to a Second, and 
confequently the error in 150 miles, cannot be more then the 
3oth. part ofa mile, and conſequently a foot, or yard, or red, 
this way ſtated, cannot vary above a 6000 part of its length, 
which 1s ſufficiently accurate for a univerſal and common 
ſtandard of allmeaſure and quantity, to which all other mea- 
ſures in the World ſhould be referr'd and proportionec, 
This was the: occaſion of the contriving and making thereof 3 
His Sacred Majeſty having commanded me to ſee that Expert- 
went accurately performed, and to give Him a true Account 
thereof, which had been before this performed, had not iny 
indiſpoſition of health prevented. | | 

A ſeventh-uſe may be for meaſuring the Diſtance between - 
two places, exaRly ina ſtraight Line. This 1t will perform 
to admiration,” by the exaGineſs of taking the Angles, if ſome 
length be exaGly meaſured at the place that is to be the Ob- 
ject, inſomuch that *cis hardly poſſible, by any other means in 
the World, to come to that exacneſs, nay, though there were 
a continued Plain extended between the two places, whoſe 
Diſtances areto be found, and the ſame were carefully meaſu- 
. red with Chains, Rods, or Wheels. By this means the D1- - 
ſtance of a Ship on the Sea, can be found more exaQly, then 
any other way whatſoever, by one or two Stations, and a 
multitude of Philoſophical Tryals under this Head, whichare 
not praGiicably to be done with any tolerable accurateneſs, 
by other ways. © | 

An etght uſe may be for taking the exa& Diameters of the San, 
Moon, and Planets, even to a Second, and the Diſtance of: the 
ſmaller appearing Planets from the fixt Stars, near adjoyning, 
Now becauſe for this Deſign, it may perhaps ſeem a lirtte roo 
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afiveneſabfuhe Airy: avthere i PRE cold, gravity 
and levity,' \dryneſsand:moifture,; as hg and condenſati- 
' onthereof, -ird ſometimes when none'of thoſe do ſee at all to 
be ſenſibly atter'd, its refraQiveneſs bath been very much va- 
ried, which. change does; ſeew to proceed from ſome alterati- 
ons in the upper Regions thereof, tar removed from the Super- 
 ficies of the Earth, and 1s ſometimes many days in deſcending 
and fermenting, as it were-deeper and deeper, into the lower 
Regions of the Air, before it deſcend ſo low as the bottom 
thereof 'next_.the Earth, But of this. much more in another 
places: i197; 
A ſecond uſe is for regulating the pl ces of the fixt Stars, . as 
to their Longitudes and Latjtudes, and Diſtances from one ano- 
"9h ther, eſpecially thoſe within the Zodiack, by which we ſhall - 
( in a ſhort time be able to judge, whether thoſe Bodies that we 
- account ſo fixt and conſtant, do not vary their Poſitions one 
to another, which I have: very good grounds to believe they 
do. 
 Athird uſe of this Toſtrument, is for regulating the places 
of the Planets, by their: Appulſes to'thoſe fixt Stars, ſo that 
not only Aſtronomy will be perfe&ed, but the Longitude of 
places: upon-the.Earth, -( a thing ſo. highly advantageous for 
Trade and Navigation ) will of conſequence follow, which 
without ſuch an Inſtrument as this, is in vain expeged from 
the Heavens. 
A fourth uſe of this may be for ſtating he exact Latimde of 
| Places ro-a Second, . whereby: we ſhall quickly know, whe- 
ther thoſe Latitudes do vary, as. well as the variation-of the 
Loadſione, : which hath-been eonjeQur'd, not without ſome- 
what of probability, bur is hardly to.be determined, withour 
ſome ſuch accurate way of Tryal, as this Inſtrument is capable 
of performing,” 
'"A fifth uſe of it may be, for examining what affience the 
- approach;or receſsof theother Planets have upon- the Earth, 
as to! its/Periodical motion, and what influence the Earth hath 
upon \them as to theirs; for I have good ground to believe, * 
_each of rheſe to have influence upon one another, and co cauſe 
"fuch motions, as have; hitherto much confounded all Aſtrono- 
--wica] Hy potheſes and Calculations :. Of which I ſhall ſay more 
--ON another occaſion. A 
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'A fixth uſe may:be for meaſuring the quantity. of a-Degree 
upon the Earth ;;; the beſt Experiment of that kind, that is yet 
publick tothe:World, is that of Mr. Norwood, - made between 
London and York: But if we examine with what Inſtruments he 
made it, we ſhall-find; thathe was not certain in either of his 
Latitudes to a Minute, and conſequently could not be certain 
of the quantity of the Earth, anſwering to his ſuppoſed mark 
to two miles, and conſequem]y it could not be made the com- 
mon ſtandard of all meaſure. But by the means of this Qua- 
drant, all Latitudes may be certainly taken to a Second, and 
conſequently the error in 150 miles, cannot be more then the 
3oth. part ofa mile, and conſequently a foot, or yard, or red, 
this way ſtated, cannot vary above a 6000 part of its length, 
which is ſufficiently accurate for a univerſal and common 
ſtandard of all meaſure and quantity, to which all other.mea- 
ſures in the World ſhould be referr'd and proportioned. 
This was the: occaſion of the contriving and waking thereof 3 
His Sacred Majeſty having commanded me to ſee that Experi- 
ment accurately performed, and to give Him a true Accounc 
thereof, which had been before this performed, had not ioy 
indiſpoſition of health prevented. - 

A ſeventh-uſe may be for meaſuring the Diſtance between - 
two places, exaRly ina ſtraight Line. This it will perform - 
to admiration, by the exaGineſs of taking the Angles, if ſome 
length be exa&tly meaſured at the place that is to be the Oh- 
ject, inſomuch that *cis hardly poſſible, by any other means in 
. the World, to come to that exaneſs, nay, though there were 
- a continued Plain extended. between the two places, whoſe 
: Diſtances areto be found, and the ſame were carefully meaſu- - 
:. red with Chains, Rods, or Wheels. By this means the D1- 

ſtance of a Ship on the Sea, can be found more exacly, then 
any other way whatſoever, by one or two Stations, and a 
multitude of Philoſophical Tryals under this Head,. which are 
not praGicably to be done with any tolerable accurateneſs, 
by other ways. Y | 7 | 

An eight uſe may be for taking the exa& Diameters of the San, 
Moon, and Planets, even to a Second, and the Diſtance of: the 
ſmaller appearing Planets from the fixt Stars, near adjoyning, 
Now becauſe for this Deſign, it may perhaps ſeem a lite roo 
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 ctimberſoin, 'and by reaſor of ics ſhort Tubes,/ſomewhat too 
ſihall, I have therefore contrived an Inſtrument of 6 times the: 
Tength or radius, which will take inan Angleof about. s. De- 
 gtees, and-yet take inthe whole Angle by one glance of the 
eye, anddetermine the meaſure thereof to leſs then a Second. 
I have likewiſe invented and made a_ new Helioſcope, by 
whichhe Body of the Sun may belook'd on as inoffenſively to 
[the eye, as 2 ſheet of white Paper of great uſe for ſuch, as 
will make Phyſical Obſervations of that glarious Body. Theſe 
1 will in ſome enſuirg Papers deſcribe. | , 

A ninth 'may be for-exaftly taking the Level, for the con- 
veyance of a River or Water from placeto place ; and under 
that Head of performing infinite of PhiloſophicalExperiments, 
which 'can hardly be try'd-by any other way in the World, 
about the RefraGiveneſs of the Air near the Earth, whereby 
diſtant places ſometimes appear, and ſometimes diſappear, 
under the Horizon. By this means alſo the Rotundity of the 
Earth 'may be truely found, -vaſtly ſurpaſſing any thing per- 
formed' by the beſt Levels yet known, To this we nay add, 
the height of Hils, if their diſtance be known, or their di- 
ſtance, if their height Þe known. 

I could have enlarged upon'theſe, and have named divers 
others 3 but, defigning it only as an Anſwer to ſuch, as way 
captioufly put ſich a Queſtion, I ſhall ratherleave the plea- 
ſure of finding them,to ſuch as ſhall really ſeek them, to be aſ- 
faſted thereby in their own undertakings. 
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